Epidemiology and genetic variation of human rotavirus infections in Hong Kong. by Chan, Chuek Kee. & Chinese University of Hong Kong Graduate School. Division of Clinical and Pathological Sciences.
EPIDEMIOLOGY AND GENETIC VARIATION OF HUMAN ROTAVIRUS 
INFECTIONS IN HONG KONG 
BY 
CHAN CHUEK KEE, RAYMOND 
A thesis submitted 
to 
Division of Clinical and Pathological Sciences 
The Faculty of Medicine 
The Chinese University of Hong Kong 
for the degree of 
Doctor of Philosophy 
Department of Microbiology 






















The epidemiology of human rotavirus infection in 
Hong Kong was studied by examining stool specimens 
collected froiri" 4 92 5 symptomatic children aged from 
newborn to 12 years old who were admitted to the Prince 
of Wales Hospital,. Hong Kong be ween July 1985 and 
November 1990. Rotaviruses were detected in 1046 
children (21.2%). Rotavirus infections showed a typical 
seasonal pattern during the study period, with the 
majoirity of the infections occurring in winter months, 
November to February, with peaks in December or January. 
The rotavirus subgroup of 805 strains was 
determined by an enzyme-linked iirmiunosorben assay 
(ELISA) using subgroup and subgroup II specific 
monoclonal antibodies (MABs). 793 (98.5%) of the 
rotavirus strains could be subgrouped, 56 (7%) were 
subgroup and 73 6 (93%) were subgroup II. One specimen 
exhibited both subgroup I and subgroup II specificity. 
The serotyping of 558 strains was attempted by ELISA 
with VP7 serotype-specific monoclonal antibodies. 3 67 
(66%) could be serotyped into 181 serotype 1, 17 
serotype 2, 158 serotype 3 and 11 serotype 4. In 
addition, 470 of these 558 strains were tested by a dot 
hybridization assay using four oligonucleotide probes 
constructed from the nucleotide sequences of VP7 of 
human serotypes 1, 2, 3, and 4. 271 (58%) were 
successfully serotyped into 217 serotype 1, 26 serotype 
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2, 12 serotype 3 and 16 serotype 4. Complete agreement 
was achieved in 189 specimens which were typable by both 
methods. These included 159 serotype 1, 15 serotype 2, 7 
serotype 3 and 11 serotype 4. Eighty two ELISA 
nontypable samples could be serotyped by the 
oligonucleotide probe assay into 61 sero ype 1, — 11 — 
serotype 2, 5 serotype 3 and 5 serotype 4. By means of 
the two serotyping techniques, 449 (80%) strains could 
be serotyped, 242 (53%) serotype 1, 28 (6%) serotype 2, 
163 (36%) serotype 3 and 16 (4%) serotype 4. 
The genetic diversity of the rotavirus strains was 
studied by polyacrylamide gel electrophoresis (PAGE)• 
721 of 805 Rotazyme -positive specimens (90%) showed 
patterns characteristic of group A rotavirus; 93.3¾ 
were ' long' types and 6.5% were ' short' types. 10 
specimens were found to have an RNA pattern with more 
than eleven segments. A total of 68 different long and 
16 different short electropherotypes were identified. 
Analysis of those rotavirus strains whose electrophero-
types and serotypes were available indicated clearly 
that a given RNA pattern always corresponded to a 
particular serotype. Different rotavirus serotypes with 
identical RNA migration patterns were not detected in 
this study. Heterogeneity of electropherotypes within a 
serotype was observed in strains of all the four 
serotypes• Unusual rotavirus strains were also detected 
in this study. One strain with a super-short RNA 
migration pattern was classified as subgroup I and 
serotype 3 by ELISA. Another short type isolate was 
found to be subgroup and serotype 1 by ELISA and 
oligonucleotide probe assay. Three rotavirus isolates 
were classified as subgroup I but exhibiting a long RNA 
pattern. 
The result of this study clearly indicated that ,. 
human rotavirus strains showed extensive genetic 
variations, with one or two major electropherotypes 
predominant in each year at the peak of the epidemic. 
The oligonucleotide probe hybridization assay has been 
proved to be useful as an alternative method for 
serotyping of human rotavirus in stool specimens. 
Serotype 1 strains were most frequently identified 
followed by serotype 3. The predominant serotype(s) may 
vary from year to year, 
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CHAPTER 1. INTRODUCTION 
1.1. Discovery and historical events 
Rotaviruses are now classified as a genus in the 
family Reoviridae (Matthews 1979). The name rotavirus 
is derived from the Latin word rota which means wheel. 
The virus is given this name because it has a wheel-like 
appearance under the electron microscope (Flewett et 
al. , 1974) . Several different names had been used to 
describe this virus in the past, including 'orbivirus-
like particle', 'reovirus -like particle' (Kapikian et 
al . , 1976b) , 'duovirus' (Davidson et al. , 1975) and 
'infantile gastroenteritis virus' (Petric, Szymanski and 
Middleton, 1975). 
The earliest reported work on what was probably 
rotavirus gastroenteritis was done by Light and Hodes 
(1943)• They isolated a filterable agent from stools of 
infants with gastroenteritis and showed that it 
produced diarrhoea in newborn calves. After the work of 
Light and Hodes, rotaviruses were isolated from a wide 
variety of mammalian species including mice (EDIM, 
murine rotavirus) ( Adams and Kraft 1967 Banfield, 
Kasnic and Blackwell, 1968 Cheever and Mueller, 1947; 
Kraft 1957), monkeys (simian virus, SA11, the "O" agent) 
(Malherbe, Harwin and Ulrich, 19 6 3; Malherbe and 
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Strickland — Cholmley 1967 ), calves (calf diarrhoea, 
scours) (Mebus et al. , 1969 Woode et al. , 1974), 
foals (Flewett, Bryden and Davies, 1975a), goats (Scott 
et al. , 1978), rabbits (Bryden, Thouless and Flewett, 
1976) , pigs (Lecce, King and Mock, 1976) , apes (Ashley 
et al . , 1978), kittens (Snodgrass et al., 1979), 
turkeys (McNulty et al•, 1979), and chickens (Jones, 
Hughes and Henry, 1979)• Most of these rotaviruses were 
detected in newborn animals with diarrhoea (Flewett and 
Woode, 1978). 
Human rotavirus was first detected in Australia 
by Bishop and her colleagues in 1973 when they examined 
duodena1 biopsies from children ill with 
gastroenteritis by thin-section electron microscopy. 
They reported finding orbivirus-like particles in 
mucosal epithelial cells. Shortly thereafter in 
England, Flewett, Bryden and Davies (1973) detected the 
virus in faecal extracts by negative—contrast electron 
microscopy. Subsequent reports of rotavirus infections 
of humans in Canada (Middleton et al. , 1974), the 
United States (Kapikian et al. , 1974), and Australia 
(Bishop et al., 1974) showed that rotavirus was a major 
cause of enteritis among young children throughout the 
world. 
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1.2. General characteristics of rotavirus 
1.2.1. Virus Morphology 
Rotaviruses from various mammalian species are 
morphologically indistinguishable from each other. The 
virus occurs in two forms. One is about 7 0 nm in 
diameter with a double-shelled capsid structure having a 
sharply defined circular outline. The other is a smaller 
rough particle which appears to have lost its outer 
shell and is about 60 nm in diameter. Inside these two 
protein shells is a 38 nm icosahedral core containing 
the viral genome. Empty shells are frequently seen. 
1.2.2. Physicochemical properties 
Double-shelled particles have a buoyant density of 
1.36 g/ml in caesium chloride and have a sedimentation 
coefficient of 500-530 S. Single-shelled particles 
have a density of 1.38 g/ml in caesium chloride and a 
sedimentation coefficient of 380-400 S (Bridger and 
Woode, 1976; Elias, 1977 Kapikian et al., 1976a)." 
Empty" particles have a density of 1.29 to 1.30 g/ml in 
caesium chloride (Rodger, Schnagl and Holmes, 1975; Tam 
et al. , 1976 )• The icosahedral core has a buoyant 
density of 1.44 g/ml in CsCl and a sedimentation 
coefficient of 280 S ( Bican et al,, 1982). 
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1.2.3. Virus stability and inactivation 
Rotaviruses in general are quite stable. It has 
been shown that the infectivity of simian rotavirus 
SA11 is stable following various chemical treatments 
(Estes et al • , 1979) . The virus also retains its 
infectivity at pH 3.5 or pH 10 (Palmer, Martin and 
Murphy, 1977) . The infectivity of the rotavirus depends 
on the presence of the outer capsid (Bridger and Woode, 
197 6) which is stabilized by low levels of calcium 
chloride or strontium chloride,- and treatments with 
calciura-chelating agents remove the outer capsid and 
result in a loss of infectivity (Cohen et al. , 19 7 9; 
Estes et al., 1979). 
1.2.4. Genome structure 
The rotavirus genome contains 11 segments of 
double-stranded RNA which range in molecular weight 
(MW) from 2xl05 to 2.2xl06 daltons (Estes, Palmer and 
Obijeski, 1983 Holmes, 1983). The estimated MW of the 
11 segments is llxlO6 to 14xl06 daltons. The number of 
nucleotide base pairs of these segments ranges from 667 
(segment 11) to 3302 (segment 1) . The total genome 
contains approximately 18522 base pairs (Estes and 
Cohen, 1989) . Rotaviruses contain their own RNA-
dependent RNA polymerase to transcribe the individual 
RNA segments into active mRNAs. Packaging of these RNA 
segments into the rotavirus capsid requires intimate 
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protein — RNA interactions (Kapahnke et al•, 1986). 
Sequence analysis of the RNA segments has revealed, 
general features about the structure of each of the 
genome segments.. Each RNA segment starts with a 
guanidine followed by a set of conserved sequences that 
are part of the 51 noncoding sequences. An open reading 
frame which codes for the protein product and which ends 
with the,, stop codon follows, and then another set of 
noncoding sequences which contain a subset of conserved 
terminal 3, sequences and which end with a -terminal 
cytidine is found. The lengths of the 3 ' and 5' 
noncoding sequences vary for different genes, and no 
polyadenylation signal is found at the 3' end of the 
genes. Current evidence indicates that all the genes are 
monocistronic, except possibly gene 9 (Chan, Au and 
Estes, 1988)• The rotavirus gene sequences are A+T-rich 
(58-67%)• The dsRNA segments are base-paired from end to 
end, and the positive-sense strand contains a 5' cap 
sequence m 7 G p p p G G P y ( mai et al., 1983; McCrae and 
McCorquodale, 1983). The strong conservation of terminal 
sequences in genome segments suggests they contain 
signals important for transcription, replication, or 
assembly of viral genome segments. 
1.2.5. Rotavirus proteins 
The eleven segments of double-stranded RNA of the 
rotavirus genome encode at least 11 distinct viral 
proteins (Estes and Cohen, 1989) . The proteins of 
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rotavirus are designated as VP (viral protein) for 
structural and NS for non-structural proteins. The 
structural proteins are found in virus particles and 
nonstructural proteins are found in infected cells but 
not present in mature virus (Ericson et al • , 1982). 
There are eight structural (VP1, VP2, VP3, VP4, VP5, 
VP6, VP7, VP8) and five non-structural (NS53, NS34, 
NS35, NS2 , NS26) proteins. Except for VP5 and VP8 which 
are cleavage products of VP4 (Espego, Lopez and Arias, 
1981; Estes, Graham and Mason, 1981), each of these 
proteins is coded for by one particular gene segment 
(Mason, Graham and Estes, 19 8 3; Smith, Lazdins and 
Holmes, 1980). Properties of most of the nonstructural 
proteins are poorly understood. However these proteins 
may function as part of replication complexes or as 
gatherers of the genome segments for packaging (Boyle 
and Holmes, 1986; Gombold and Ramig, 1987 Patton, 
1986)• VP1, VP2 and VP3 are structural components of the 
rotavirus core (Bican et al., 1982 Estes and Cohen, 
1989) . VP4, the protein product of genome segment 4, 
is a nonglycosylated outer capsid protein (Arias, Lopez 
and Espejo, 1982 Mason, Graham and Estes, 1980; McCrae 
and McCorquodale, 1982). This protein is responsible 
for a number of biologically important functions 
including replication, spread, and pathogenicity of 
rotaviruses. VP4 acts as a viral haemagglutinin 
(Kalica, Flores and Greenberg, 1983), carries epitopes 
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for neutralizing antibodies (Hoshino et al. , 19 8 5a; 
Of fit and Blavat, 198 6; Ward et al • , 1988), enhances 
viral infectivity after post-translational cleavage 
(Espejo, Lopez and Arias, 1981; Estes, Graham and Mason, 
1981) , and determines growth and plaque formation in 
vitro (Greenberg et al. , 1983a) and virulence in mice 
(Offit et al. , 1986) . Evidence for a role of VP4 in 
virulence has also been obtained from rotavirus strains 
recovered from infants and children with moderately 
severe diarrhoea or from asymptomatic neonates (Flores 
et al . , 1986b; Gorziglia et al. , 1986; Gorziglia et 
al. , 19 88; )• The VP4 gene of the asymptomatic strains 
is highly conserved and is distinct from the VP4 gene of 
the virulent strains (Gorziglia et al. , 1988) . VP6 is 
encoded by genome segment 6 and is the major inner 
capsid protein of the virus. This protein is highly 
antigenic and immunogenic (Estes et al., 1987 Gorziglia 
et al. , 1985; Sahara et al. , 1987) . It contains at 
least five non-overlapping epitopes including the common 
epitopes shared by group A rotavirus (Gary, Black and 
Palmer, 1982 ; Singh et al.
 f 1983) and subgroup epitopes 
which define the subgroup specificity of the virus ( 
Greenberg et al. , 1983b; Singh et al. , 1983) . VP7 is 
the major outer capsid protein of the virus. It is a 
glycoprotein and is the gene product of segment 8 or 9 
depending on the strain (Both et al., 1983 Dyall-Smith 
and Holmes, 1984; Gorziglia et al. , 1986; Greenberg et 
al., 1983a; Mason et al., 1980; McCrae and McCorquodale, 
7 
1982) • VP7 is highly immunogenic and is the major 
protein that determines the serotype specificity of the 
virus. This protein has also been shown to be 
responsible for viral attachment to host cells (Fukuhara 
et al., 1988; Kaljot et al., 1988; Sabara et al., 1985). 
1.2.6. Morphogenesis 
The morphogenesis of human and animal rotaviruses 
has been studied in columnar epithelial cells of the 
small intestine and in monolayer cell cultures 
(Altenburg, Graham and Estes, 1980; Carpio et al., 1981; 
Chasey 19 7 7; McNulty, Curran and McFerran, 1976; 
Petrie, Graham and Estes, 1981) . A characteristic 
pattern of replication has been observed. The 
infectious virus enters the host cell by endocytosis and 
is sequestered into lysosomes (Petrie, Graham and 
Estes, 1981; Quan and Doane, 1983). Uncoating of the 
virus in the lysosome results in the production of a 50 
nm subviral particle. Studies of the uptake of a human 
rotavirus whose infectivity is entirely dependent upon 
trypsin cleavage suggest that the mode of rotavirus 
entry into cells differs according to whether virus 
particles have been pretreated with trypsin (Suzuki et 
al. , 1985) . Infectious virus that was pretreated with 
trypsin entered cells by direct penetration through the 
cell membrane into the cell cytoplasm. Newly 
synthesized viral RNA and proteins accumulate in the 
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cytoplasm to form viroplasmic inclusions where the 
viral RNA is packaged into the 50 nm core particles. 
The viral capsid proteins assemble around the core and 
the particles then leave the endoplasmic reticulum' 
becoming enveloped in the process. The envelope is later 
lost as the particles move toward the interior of the 
endoplasmic reticulum cisternae. The inner capsid 
proteins (VP2 and VP6) are synthesized throughout the 
cytoplasm and become concentrated in the viroplasmic 
inclusions. The major outer capsid glycoprotein (VP7) is 
synthesized on ribosomes of the rough endoplasmic 
reticulum and the outer capsid layer is acquired during 
virus budding into cisternae of the endoplasmic 
reticulum. Rotavirus particles do not bud through the 
plasma membrane but enter the culture medium after the 
lysis of infected cells. 
1.3. Characteristics of rotavirus infection 
1.3.1. Morbidity and mortality 
Rotaviruses have been shown to be the ma j or 
aetiological agents of serious diarrhoeal illness in 
infants and young children throughout the world (Cukor 
and Blacklow, 1984; Echeverria et al. , 1977; Echeverria 
et al. , 1978; Ellis et al. , 1984 Estes, Palmer and 
Obijeski, 1983 ; Georges et al. , 1984; Holmes, 1983; 
Kapikian and Chanock, 1989; Konno et al., 1977; Maiya e 
al., 1977). Rotavirus diarrhoea occurs with high 
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frequency in the developed countries, however the 
disease has a low mortality in these locations. The 
burden of rotavirus diarrhoea annually in the United 
States in the 1 to 4-year age group is estimated to 
include over one million cases of severe diarrhoea and 
up to 150 deaths (Ho et al., 1988a; Ho et al:, 1988b). 
In developing countries, rotaviruses are usually the 
leading cause of life-threatening diarrhoea in infants 
and young children. In a recent analysis, the burden of 
rotavirus diarrhoeal disease in children under 5 years 
of age in developing countries was estimated to be over 
125 million cases over 18 million of these were 
considered moderately severe or severe (Institute of 
Medicine, 1986). In addition, it was estimated that 
873,000 infants and young children 1-4 years of age die 
from rotavirus diarrhoeal illness each year. In a 
cross-sectional study, rotaviruses were detected in the 
faeces of 34.5% of 1,537 patients admitted with 
diarrhoea to the Children's Hospital National Medical 
Centre in Washington, D. C. from January 1974 to July 
1982 (Brandt et al. , 1983) . In an Australian study 
— covering a period of one year, 52% of 378 patients 
admitted with diarrhoea were positive for rotavirus 
(Davidson et al. , 1975 )• n a Japanese study from 
December 1974 to June 1981, 45% of 1,910 paediatric 
patients admitted with diarrhoea shed rotavirus (Konno 
et al. , 1983 )• Also, during a year-long study in the 
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United Kingdom, 52% of infants and young children who 
were hospitalized for diarrhoea excreted rotavirus 
(Lewis et al., 1979). In community-based studies in 
Egypt, Brazil and Bangladesh, rotaviruses were 
identified in 4-19% of diarrhoea episodes among children 
under age two (Black et al. , 1981; Guerrant et al., 
1983 Zaki et al., 1986). In a comprehensive study of 
the etiology of severe diarrhoeal illness at the Matlab 
Treatment Centre in Bangladesh from February 1978 to 
January 1979, rotaviruses were found to be the most 
important pathogen in children under 2 years of age: 46% 
of whom were rotavirus—positive (Black et al. , 1980). 
The importance of rotaviruses in causing severe 
dehydrating diarrhoea was also demonstrated in a study 
in Cairo, Egypt in which rotaviruses were the most 
frequently detected pathogen, accounting for 34% of 145 
infants and young children under 18 months of age with 
fatal or potentially fatal diarrhoeal illness (Shukry et 
al., 1986). Malnutrition is thought to play an important 
role in increasing the severity of clinical 
manifestations in humans during rotavirus infection. 
1.3.2. Clinical features 
The clinical features of human rotaviral illness 
have been reported in considerable detail (Carr, 
McKendrick and Spyridakis, 1976; Davidson et al., 1975; 
Shepherd et al.,1975). After an incubation period of 1-
11 
2 days, clinical symptoms of rotavirus infection 
typically consist of fever, vomiting and watery 
diarrhoea lasting 2-8 days, and mild to moderate 
dehydration is common. Respiratory symptoms are also 
common and may sometimes suggest a primary respiratory 
tract infection rather than viral gastroenteritis 
(Gurwith et al., 1981; Lewis et al., 1979 )• Rotavirus 
infections in children 6 months to 2 years of age are 
strongly associated with the development of symptoms 
characteristic of viral gastroenteritis, such as loose 
watery stools, fever, vomiting, and abdominal, cramps-
(Kapikian and Yolken, 1985). Rotaviral gastroenteritis 
can result in high volumes of watery diarrhoea* In a 
very small percentage of infants and children, a rapidly 
fatal disease occurs these cases are associated with 
hypernatremia, which may mask signs of dehydration 
(Carlson et al. , 1978) . The clinical consequences of 
rotavirus infection in neonates are more varied. Some 
investigators have reported that rotavirus infections 
in this age group are largely asymptomatic, while others 
have shown a high correlation between rotavirus 
infection and clinical symptoms (Chystie e al. , 1975; 
Dearlove et al 198 3; Murphy, Albrey and Crewe, 1977; 
Rodriguez et al. , 1982 Tufvesson et al. , 1986; Vial, 
Kotloff and Losonsky, 1988). Undoubtedly, some of the 
variation in response to infection is related to host 
factors such as gestational age, postnatal age, 
nutritional status, levels of maternal antibodies, and 
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the maturity and integrity of the gastrointestinal 
tract. Rotaviruses can produce a chronic symptomatic 
infection in immunodeficient children. Chronic diarrhoea 
associated with prolonged shedding of rotavirus has been 
described in children with primary immunodeficiency or 
T cell immunodeficiency (Saulsbury,“Winkelstein and 
Yolken, 1980; Wood et al., 1988). 
1.3.3. Pathogenesis 
Rotavirus infects the mature epithelial cells of 
the upper small intestine (Bishop et al. , 1973) . The 
jejunum is the main site of infection, but the ileum 
also may be involved (Davidson et al. , 1977; Shepherd 
et al. , 197 9 ; Snodgrass, Angus and Gray, 1977) . The 
mechanism of diarrhoea in rotavirus infection appears 
to be decreased absorption of salt and water related to 
loss of the absorptive processes usually carried out by 
the mature enterocytes, which in turn are related to 
glucose coupled with sodium transport in the small 
intestine (Kerzner et al., 1977). Another mechanism may 
be reduction of the disaccharidase activity associated 
with mature enterocytes. This results in carbohydrate 
malabsorption with osmotic diarrhoea. 
1.3.4. Seasonal variation of rotavirus infection 
Rotavirus gastroenteritis shows striking 
seasonality in temperate regions, with predictable 
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peaks occurring in the cooler months of every year 
(Albrey and Murphy, 1976; Birch et al., 1977 Brandt et 
al. , 1979 Brandt et al, , 1983 ; Bryden et al. , 1975; 
Kapikian et al., 1976b; Konno et al., 1983; Lambert et 
al. , 1983 Middleton et al. , 1974) • The cause for this 
striking seasonal pattern is not known, and the 
influence of low relative humidity in the home has been 
suggested as a factor facilitating the survival of 
rotaviruses on surfaces (Brandt et al. , 1982). However. 
a correlation of relative humidity with temporal pattern 
of infection has not been observed in some studies 
(Konno et al, , 1983 ; Moe and Shirley, 1982) . In 
tropical regions, a less striking seasonal pattern is 
seen (Hieber et al., 1978 ; Soenarto et al., 1981). 
1.3.5. Nosocomial rotavirus infection 
Hospital-acquired rotavirus infections are common, 
particularly in neonatal nurseries ( Flewett, 19 8 3 
Middleton, Szymanski and Petric, 197 7; Rodriguez et al,, 
19 8 3 ; Ryder, McGowan and Hatch, 1977) . It has been 
reported that rotavirus is the predominant aetiological 
agent causing nosocomial infection in young children 
and neonates (Editorial, 1976; Flewett et al., 1975b; 
Jelt et al., 1985; Rodriguez et al., 1982). 
1.3.6. Route of transmission 
Faecal-oral transmission is the most likely route 
of rotavirus spread. Oral administration of rotavirus-
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positive stool material induces diarrhoeal illness in 
volunteers (Kapikian et al. , 1983 ; Ward et al. , 1986). 
However the rapid acquisition of infection during 
outbreaks of the disease and the common occurrence of 
respiratory symptoms in those with illness suggest 
respiratory transmission of the virus (Fragosa, Kumar 
and Murray, 1986; Gordon, 1982 Gurwith et al. , 1981). 
Subclinical infection in adults or in older children 
could be an important source of rotavirus infection ( 
Engleberg et al. , 1982 Grimwood et al • , 1983). 
Resistance to physical inactivation may contribute to 
the efficient transmission of human rotaviruses. It has 
been demonstrated that rotavirus particles can remain 
infective in suspension at 25° C for 2 4 hours and for at 
least one hour on faecally contaminated environmental 
surfaces ( Estes et al. , 1979 ; Keswick et al. , 1983). 
Calf rotavirus present in faeces retains infectivity 
when kept at room temperature for 7 months (Flewett, 
Bryden and Davies, 1975) • The role of animals as a 
source of rotavirus human infection to humans has been 
discussed (Marrie et al.-, 1982). 
1.4. Classification and epidemiology of rotaviruses 
1.4.1. Rotavirus groups 
Rotaviruses are classified serologically first into 
groups, as defined by the antigenic identity of the 
VP6 protein on the inner capsid (Estes, Graham and 
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Petrie, 1985; Pedley et al., 1983; Petrie et al., 1982). 
They are currently classified into groups A, B, C, D, E, 
F, and, tentatively G. Group A, B, and C rotaviruses 
have been found in both humans and animals group D, E 
and F rotaviruses have been found only in animals 
(Pedley et al. , 1986), and the tentatively designated 
group G rotaviruses have been recovered from chickens 
(Bridger, 19 8 7 ; Torres-Medina, 1987 ) . Most of the 
rotavirus infections in humans and animals thus far 
described have been caused by group A rotaviruses. Group 
B rotaviruses have been associated with epidemics of 
severe diarrhoea primarily in adults in China (adult 
diarrhoea rotavirus, ADRV) (Chen et al. , 1985; Hurig et 
al . , 1983 ; Hung et al. , 1984 Nakata et al. , 1986; Su et 
al. , 1986; Wang et al. , 1985) . More recently epidemic 
gastroenteritis in neonates caused by this new rotavirus 
has also been reported in China (Dai et al. , 1987). 
Group C viruses have mainly been isolated from pigs 
(Snodgrass et al. , 1984) but also from small outbreaks 
of human gastroenteritis in Finland (Bonsdorff and 
Svensson, 1988), England (Brown et al. , 1989; Caul et 
al., 1990), China (Chen— et al., 1988) and from a large 
outbreak in Japan (Matsumoto et al., 1989). 
1.4.2. Rotavirus subgroups 
Group A rotaviruses can be further classified into 
at least two distinct subgroups (subgroup and 
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(Greenberg et al. , 1983b; WHO, 1984) . The subgroup 
classification of rotavirus is based on the additional 
antigenic differences in the VP6 inner capsid protein 
of the virus strains ( Kalica et al. , 1981b) . However 
rotaviruses carrying both or neither of the subgroup-
specific antigens have also been described (Hoshino et 
al., 1987 Svensson et al., 1988) . The majority of human 
rotaviruses recovered during epidemiological studies 
belong to subgroup ,although subgroup strains may 
occasionally predominate (Arista et al. , 1986; Houly et 
al. , 1986; Naguib et al . , 1984 Nakagomi et al . ^  1985; 
Steele and Alexander, 1988; Tufvesson, 1983 ; White et 
al. , 1984 Yolken et al., 1978b). 
1.4.3. Rotavirus serotypes 
The serotype specificity of rotaviruses has been 
determined by their reactivity in neutralization assays 
with hyperimmune animal sera (Bohl, Theil and Saif, 
1984 Clark et al. , 1987 Hoshino et al., 1984 Matsuno 
et al., 1985; Ruitz et al,, 1988; Urasawa et al., 1984). 
The neutralization antigens responsible for serotype 
specificity correspond to two outer capsid proteins: 
VP7, the major neutralization antigen, and VP4, the 
minor neutralization antigen, (Greenberg et al 1983a; 
Hoshino et al. , 1985a; Killen and Dimmock, 1982; Liu, 
Offit and Estes, 1988; Matsui, Mackow and Greenberg, 
1989 Taniguchi et al., 1987a). Group A rotaviruses can 
be classified into at least 11 distinct serotypes (1 to 
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11) based on epitopes on VP7 ( Estes and Cohen, 1989). 
Examples for each rotavirus serotype are shown in Table 
1. Group B to F rotaviruses have not been subclassified 
further. In man, at least six different serotypes (1, 
,2, 3, 4, 8 and 9) occur with serotype 1 to 4 being most 
commonly identified (Clark et al. , 19 87; Gerna et al., 
19 9 0 ; Hoshino et al. , 1984; Matsuno et al. , 1985). 
Rotavirus strains of animal and human origin can occur 
within the same serotype. However, serotype 1, 2, 8, and 
9 strains are restricted to humans, Serotype 4 strains 
have a broader host range which includes humans and 
pigs. Serotype 3 viruses have the broadest host range 
which includes humans, monkeys, dogs, cats, horses, 
pigs, mice, and rabbits. Serotype 5 strains are 
restricted to horses and pigs, whereas serotype 6 and 7 
strains are restricted to calves and birds, 
respectively. Comparison of the VP7 protein of strains 
belonging to eight serotypes indicated that there are 
nine regions of the linear amino acid sequence of VP7 
which are highly divergent (Green, Hoshino and kegami, 
1989) . Each of these regions is highly conserved in 
human rotavirus strains within the same serotype (Green, 
Hoshino and Ikegami, 1989 Green et al. , 1987 Green et 
al. , 1988) . Rotavirus strains within a serotype which 
vary in their capacity to be neutralized by serotype-
specific monoclonal antibodies have been described and 
termed 'monotypes' (Coulson, 19 8 7 ; Coulson et al., 
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Table 1. Classification of group A rotaviruses based on 
outer capsid protein VP7 
Serotype Species Virus strains3 
(VP7) 
1 Human Wa, K8, RV4, KU, D 
2 Human S2, DS-1, RV5 
3 Human to, Y P, RV3 
Animal Si/SAll, Si/RRV, Mu/EDIM, 
Ca/CU-1, La/Ala, Eq/H-2, 
Fe/Taka 
4 Human Hochi, St. Thomas 3 
Animal Po/Gottfried, Po/SB-2 
5 Animal Po/OSU, Eq/H-1 
6 Animal Bo/NCDV, Bo/UK, Bo/WC3 
7 Avian Ch/Ch2, Ty/Tyl 
8 Human 69M, B37 
9 Human W1-61, F45, AU3 2 
10 Animal Bo/223 . 
11 Animal Po/YM 
aAbbreviations: Si, simian/ Po, porcine; Bo, bovine/ 
Eq, equine; Fe, feline; La, lapine; Ch, chicken; Ty, 
turkey; Ca, canine; Mu, murine. 
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1987a) or subtypes (Gerna et al., 1988b) and serotype 1 
and 4 monotypes or subtypes have been identified 
(Coulson, 1987 Gerna et al. , 1988b) • 
It is now known from sequence analysis that there 
,are at least four distinct human VP4s. One is the highly 
conserved VP4 present on serotype 1, 3, and 4 'virulent' 
strains, a second is present on serotype 2 'virulent' 
strains, and the third is a highly conserved VP4 present 
on the strains from asymptomatic neonates, M37, 1076, 
McN and St-3, which have been assigned to serotype 1, 2, 
3, and 4, respectively, based on neutralization mediated 
by VP7 (Flores et al. , 19 8 6b; Gorziglia et al. , 1986; 
Gorziglia et al. , 19 88 ; Hoshino et al. , 1985b) and 
finally is the unique VP4 sequence of the K8 human 
rotavirus strain (Taniguchi et al. , 1989) . In addition, 
it appears that animal rotavirus VP4 specificities are 
distinct from those of human rotaviruses (Flores et al., 
19 8 6b; Gorziglia et al. , 1986) . The need for a binary 
system of classification of rotaviruses has been 
suggested in order to identify the independent role of 
VP7 and VP4 neutralization specificities (Hoshino et 
al., 1985a; Offit and Blavat, 1986). 
1.4.4. Rotavirus electropherotypes 
Rotaviruses can be divided into different 
electropherotypes based on the migration patterns of the 
eleven RNA segments in polyacrylamide gel 
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electrophoresis. The electrophoretic patterns of these 
gene segments have classically been used to distinguish 
the various strains of rotavirus (Espejo, Calderon and 
Gonzalez, 1977 Kalica et al., 1978). The segments are 
numbered in order of migration, which is a reflection of 
the size of the RNA segments. The electrophoret ic 
pattern of the genome of group A rotaviruses is 
comprised of four high-molecular-weight dsRNA segments 
(segments 1-4) , five middle sized segments (segments 5-
9) including a distinctive triplet of segments (segments 
7-9) , and two smaller segments (segments 10 and 11). 
Two major patterns have been identified among group A 
rotavirus strains. These are often referred to as the 
'long' pattern (fast migrating segments 10 and 11) and 
the 'short' pattern ( slow migrating segments 10 and 
11) (Kalica et al . , 1981a) . The 'short' pattern 
rotaviruses were originally described as having an 
altered migration pattern of gene segments 10 and 11 in 
polyacrylamide gel electrophoresis. Early genetic 
studies demonstrated that the gene 11 equivalent 
migrated as band 10 in short rotaviruses (Dyall-Smith 
and Holmes, 19 8 1; Greenberg et al. , 1983a). 
Hybridization analyses have subsequently confirmed that 
gene 11 probes from long rotaviruses bind to segment 10 
in short rotaviruses (Mattion et al. , 19 8 8; Pocock 
1987) . Thus, the altered RNA profile of short 
rotaviruses results from a gene 11 equivalent that has a 
larger molecular size than gene 11 of typical long 
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rotaviruses. Over the past decade, group A rotaviruses 
with electropherotypes showing variations on this basic 
theme have been found in humans and animals with acute 
gastroenteritis (Albert, Unicomb and Bishop, 1987; 
Bellinzoni et al., 1987; Besselaar, Rosenblatt and Kidd, 
1986/ Hasegawa et al., 19 8 4; Paul et al., 1988 Pocock, 
1987 Thouless, DiGiacomo and Neuman, 1936), in severely 
immunodeficient children with chronic rotavirus 
infections (Pedley et al . , 1984) . Variations have 
included group A viruses that contain rearrangements 
within individual genome segments (Bellinzoni et al., 
1987; Besselaar, Rosenblatt and Kidd, 1986; Hundley et 
al . , 19 8 7 ; Pedley et al . , 1984 Pocock 1987; 
Thouless, DiGiacomo and Neuman; 19 8 6) . Recently, 
several 'super—short' patterns of RNA migration in which 
the 10th gene segment migrated even more slowly than the 
'short' pattern rotaviruses have been observed for 
viruses recovered from humans and bovines (Albert, 
Unicomb and Bishop, 1987 Matsuno e al. , 1985; Pocock, 
1988). 
Non group A rotaviruses have distinct 
electropherotypes and do not cross-hybridize with group 
A strains (Bohl et al., 1982; Bridger, Clark and McCrae 
1982 ; Hung et al., 1984 McCrae, 1987 McNulty et al., 
1981; Nakata et al. , 1986; Pedley et al . , 1983 ; 
Torres-Medina, 1987). 
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1-4.5. Relationship between subgroup, serotype and 
electropherotype 
Most of the human rotaviruses with ,short' 
electropherotypes belong to subgroup whereas virus 
strains with 'long' electropherotypes belong to subgroup 
II (Kalica, et al., 1981a; Kutsuzawa et al., 1982). This 
association of electropherotype and subgroup specificity 
does not hold true for rotaviruses isolated from other 
species because animal strains with 'long' patterns 
usually belong to subgroup I (Hoshino et al., 1984). 
The molecular basis for the association between the 
migration of segments 10 and 11 and the subgroup 
antigenic specificity that is encoded in gene 6 remains 
unclear . 
In humans, rotavirus serotype 2 and 8 strains 
were found to belong to subgroup I and serotype 1, 3, 4 
and 9 strains were found to belong to subgroup II 
(Albert, Unicomb and Bishop, 1987 Clark et al. , 1987 ; 
Georges-Courbot et al. , 1988 ; Hoshino et al. , 1984 ; 
Rodger e al . , 1981; Svensson et al . , 1986). However, 
naturally occurring human rotavirus strains in which 
this linkage appeared to have been broken have been 
reported (Aboudy et al., 1988; Beards, Desselberger and 
Flewett, 1989; Brown et al., 1988; Gerna et al., 1990; 
Ghosh and Naik, 1989; Kitaoka et al., 1987 Nakagomi et 
al., 1985; Sethi et al. , 1988 ; Steele and Alexander, 
1988) . Many of these rotavirus strains belonged to 
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subgroup but were identified as serotype 3 and had 
'long' electrophoretic patterns, properties common to 
many animal rotavirus strains. It has also been shown 
that rotaviruses of the same serotype can exhibit 
different electropherotypes and that viruses of the same 
electropherotype can belong to different serotypes 
(Beards, 1982 Flores et al., 1982 ; Gerna et al., 1987). 
Additional studies revealed that gene segments with 
similar migration patterns by PAGE did not necessarily 
exhibit homology by hybridization/ conversely, some gene 
segments that exhibited homology by hybridization varied 
in their electrophoretic migration (Flores et al., 
1982) . In addition, the porcine rotavirus strains 
Gottfried and SB-2, which share serotype specificity, 
belong to different subgroups (Hoshino et al., 1984). 
1-4.6. Mechanisms contributing to strain variations 
Rotaviruses show extensive strain variations 
(Chanock, Wenske and Field, 1983) • Many different 
serotypes and electropherotypes can exist simultaneously 
or appear in quick succession within individual group A 
rotavirus outbreaks (Desselberger, 1989). The 
prevalence of certain serotypes differs in the same 
region from one season to the next and in different 
regions during the same season (Beards, Desselberger and 
Flewett, 1989)• The mechanisms contributing to the 
extensive genomic and antigenic variations in 
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rotaviruses are believed to be quite complicated. The 
following possible mechanisms have been proposed. 
1.4.6.1. Sequential point mutations 
Genomes of rotaviruses undergo point mutations 
continuously because of the inborn error rate of the 
virion associated RNA—dependent RNA polymerase on which 
viral replication depends. It has been observed that 
point mutations accumulate sequentially in isolates 
obtained during a single outbreak (Follett and 
Desselberger, 1983). Sequential point mutations may 
result in genomic and antigenic drift (Knowlton and 
Ward, 1985). 
1.4.6.2. Genome reassortment 
Rotavirus reassortants were readily formed after 
coinfection of cells with two strains of rotavirus ( 
Allen and Desselberger, 19 8 5; Garbarg-Chenon, Bricout 
and Nicholas, 19 8 4; Gombold, Estes and Ramig, 1985; 
Greenberg et al . , 1981; Greenberg et al. , 1982 ; 
Urasawa, Urasawa and Taniguchi, 1986; Ward and Knowlton, 
1989). Some of these reassortants were selected in 
preference to the parental viruses (Chen et al. , 1989; 
Ward, Knowlton and Hurst, 1988) . The ability of 
different rotavirus strains to undergo in vivo gene 
reassortment has also been demonstrated (Gombold and 
Ramig, 1986)• Reassortment also seems to occur in vivo 
during circulation under natural conditions (Midthun et 
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al., 1987b; Ward et al., 1990). If RNA segments coding 
for serotype-specific proteins are involved in the 
formation of reassortants, antigenic shift in the 
reassortants is possible (Midthun et al. , 19 8 5 ; Midthun 
et al . , 1986) . In addition, the virus strains with 
atypical associations between subgroup, serotype, and 
electropherotype (Beards, Desselberger and Flewett, 
1989 ; Matsuno et al . , 19 8 8 ; Steele and Alexander, 1988) 
may represent natural reassortants between different 
human rotavirus strains. The recent discovery that 
rotaviruses do not significantly exclude superinfecting 
viruses during asynchronous infections in vitro (Ramig, 
1990) may expand the potential for reassortment-mediated 
evolution of the rotaviruses. 
1.4.6.3. Transmission of rotaviruses from an animal 
reservoir 
There is increasing evidence that rotaviruses can 
be transmitted from animals to humans. Animal group B 
rotaviruses cross-react with convalescent sera from 
adult human rotavirus (ADRV) infected patients in 
China, and there is cross-hybridization of genomes of 
ADRV and animal group rotaviruses (Eiden et al,, 19 8 6; 
Eiden, Vonderf echt and Yolkeri, 1985 ), so it is very 
likely that this virus was transmitted from animals. 
Most human group A rotaviruses of long electropherotype 
are of subgroup and serotype 1, 3 or 4 (Beards, 
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Desselberger and Flewett, 19 8 9; Desselberger, 1989), but 
some are of subgroup Ghosh and Naik, 1989; Nakagomi 
and Nakagomi, 1989; )• n an outbreak of human rotavirus 
infection in the Manipur State of India, most 
rotaviruses had a long electropherotype and v/ere of 
subgroup Ghosh and Naik, 1989 ) • Such viruses are 
normally isolated from animals, so these human 
rotaviruses may also have been acquired from animal 
reservoirs. The genome of one of the human rotaviruses 
cross-hybridized extensively with the genome of a cat 
rotavirus (Nakagomi and Nakagomi, 1989)• Outbreaks of 
group C rotavirus infections in man have also been 
attributed to transmission from animals (Brov/n et al., 
1989; Caul et al. , 19 9 0; Matsumoto et al. , 1989 ;). 
1.4.6.4. Genome rearrangements 
Genome rearrangements which were discovered in 
group A rotaviruses (Pedley et al., 1984) involve 
partial duplication of certain genome segments 
resulting in atypical RNA electropherotypes 
(Gonzalez et al . , 1989 ; Gorziglia, Nishikawa and 
Fukuhara, 1989; Scott, Tarlow and McCrae, 1989). Such 
rotaviruses were first isolated from immunodeficient 
children but more recently from immunocompetent children 
and from various animal species (Desselberger, 1989 ) • 
Rotavirus strains with a rearranged genome can also 
undergo reassortment in vitro (Allen and Desselberger, 
1985) and are likely to reassort in vivo (Hundley et 
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al. • 1987). 
1.5. Detection of rotavirus 
1.5.1. Electron microscopy (EM) 
Rotavirus infections are acute, and large numbers 
of particles are excreted in the faeces. nitially, 
direct visualization of stool material by electron 
microscopy was employed for rotavirus detection (Bishop 
e al., 1974 Kapikian, Dienstag and Purcell, 1930; 
Kapikian et al . , 1979 ; Orstavik et al . , 1976). This 
method permits detection of rotavirus in about 90% of 
the virus—positive specimens (Brandt et al . , 1981) . If 
the specimen is concentrated by ultracentrifugation 
prior to examination, electron microscopy is as 
sensitive as any other method for rotavirus detection 
(Hammond et al., 1982 Matsuno and Nagayoshi, 1978). In 
addition, EM can detect non-group A rotavirus (Theil, 
Reynolds and Saif, 1986), as well as other viral agents. 
By using rotavirus serotype specific antisera, a 
technique known as sol id-phase immune electron 
microscopy (SPIEM) has been used successfully for 
serotyping of human rotavirus strains directly on stool 
specimens (Gerna et al., 1984 Gerna et al., 1985). In 
practice, EM techniques are limited by the availability 
of electron microscopes; the need for trained personnel 
and by the time required to prepare and examine the 
specimens. 
28 
1.5.2. Virus isolation 
Rotaviruses from human faeces in the past usually 
failed to grow directly in cell or organ cultures. On 
the rare occasions when growth did occur, it was 
inefficient, inconsistent and inadequate for viral 
diagnostic or characterization studies. The in vitro 
propagation to high titre of group A human rotavirus 
(HRV) obtained directly from clinical specimens was 
first reported in 1981 by Japanese workers (Sato et 
a_I • , 19 81; Urasawa, Urasawa and Taniguchi, 1981) . The 
procedures involve the use of roller tube cultures of 
the continuous monkey kidney cell line MAI 04 
supplied by Microbiological Associates, prior 
activation of the virus with trypsin, and the 
incorporation of small amount of trypsin in the culture 
medium. It is believed that trypsin enhances infectivity 
by cleavage of the outer capsid polypeptide VP4 of the 
virus. Although culture of human rotavirus from stool 
is now possible, the isolation rate is still relatively 
low and initial "blind" passages are frequently 
required. Primary African green monkey kidney or 
cynomolgus monkey kidney cell cultures may be more 
efficient than MA104 cultures for isolation of 
rotaviruses from clinical specimens (Hasegawa et al.
 f 
1982; Ward, Knowlton and Pierce, 1984). This technique 
is time-consuming and costly, and is not currently a 
useful diagnostic method. However it is an invaluable 
29 
research tool for the study of human rotaviruses and 
for the production of potential rotavirus vaccine 
strains. The non-group A human rotaviruses are also 
fastidious and only one group C strain has been 
successfully grown in cell culture (Saif et al . , 1988; 
Terrett and Saif, 1987). 
1.5.3. Serological methods 
Recently, a number of serological techniques 
employing rotavirus specific antibody to detect 
rotavirus antigens in faecal material have been 
developed. These include radioimmunoassays (RIA) 
(Kalica et al . , 1977), enzyme linked immuno-sorbent 
assay (ELISA) (Yolken, Wyatt and Kapikian, 1977) and 
latex agglutination (LX) (Hammond, Ahluwalia and 
Hazelton, 1984 Pai, Shahrabadi and nee, 1985) . These 
serological methods in general have proven to be more 
sensitive than direct electron microscopy and are now 
readily available commercially (Cheung et al. , 1982 ; 
Hammond e al. , 1982 Keswick et al. , 1983 Miotti, 
Eiden and Yolken, 19 8 5 ; Morinet et al. , 1984). The 
ELISAs, in particular, are extremely useful in screening 
large number of specimens for rotavirus antigens. 
However these antibody-dependent assays do not 
currently detect non-group A rotaviruses. 
1.5.4. RNA analysis (electropherotyping) 
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Rotavirus contains eleven double-stranded RNA 
segments which display a characteristic migration 
pattern following polyacrylamide gel electrophoresis 
(PAGE) • The detection of these RNA segments in stool 
samples has been found to be a simple, useful and 
inexpensive means of virus detection (Chudzio e al,, 
1989 Herring et al., 1982 ; Kasempimolporn et al.
 f 1938; 
Moosai, Alcock and Madeley, 19 8 4; Pacini et al., 1988). 
The advantages of the technique include high 
specificity and sensitivity and the ability to detect 
both group A and non-group A rotaviruses (Hung, 
1988) . In addition, this method does not require the use 
of rotavirus — specific antibody. Since the RNA migration 
pattern (electropherotype) of a virus strain remains 
constant, this technique has been shown to be extremely 
useful in epidemiological studies (Chiba et al., 
1984; McCrae, 1987 ; Nicholas et al. , 19 8 4 ; Uhnoo and 
Svensson, 1936) and in tracing of nosocomial rotavirus 
infections (Chan et al . , 1989 Rodriguez et al. , 1983 ; 
Vial, Kotloff and Losonsky, 1988). 
1-5.5. Nucleic acid hybridization 
Nucleic acid hybridization, which is the 
hybridization of rotavirus RNA with complementary DNA 
or RNA segments, is another method for detecting 
rotavirus RNA. It has been shown that nucleic acid 
hybridization is a highly sensitive and specific 
technique for detecting rotavirus in clinical samples 
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(Flores e al. , 1983 ; Lin et al. , 1985) . This 
technique has also been successfully used in serotyping 
rotavirus strains (Lin et al., 1987 Zheng et al., 1989) 
and is an indispensable tool in studying the genetic 
variations of the virus (Flores et al., 1985; Midthun et 
al., 1987a). 
1.6. Prevention and control of rotavirus infection 
1.6.1. Host resistance 
The role of the immune system of humans in 
preventing infection by rotavirus is not well 
delineated. Serum IgA, intestinal IgA, T cell-mediated 
defences, and nonimmunologica1 factors such as 
interferons and intestinal mucins may play roles in 
providing protection. The antibody response to rotavirus 
infection appears to follow the usual pattern of early 
rise of gM, and later rise of IgG and IgA (Davidson, 
Hogg and Kirubakaran, 1983 ; Riepenhoff-Talty et al., 
1981; Yolken et al., 1978a). The protective effect of 
circulating antibodies is uncertain, since both humans 
and animals can become infected with rotavirus even 
when specific serum antibodies are present (Kapikian et 
al. , 1974) . On the other hand, there is substantial 
evidence that mucosal immunity is of greater importance 
than humoral immunity in preventing or modifying 
rotavirus diarrhoea. Some studies have shown that 
immunity and hence protection, against rotavirus 
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infection depends on the presence of antibodies in the 
lumen of the gut (Snodgrass and Wells, 1976; Woode, 
Jones and Bridger, 1975)• Many studies have shown that 
breast-fed infants have a lower incidence of diarrhoeal 
disease than formula-fed infants (Pickering, Kohl and 
Cleary, 1985). Antibodies capable of neutralizing the 
corresponding rotaviruses have been demonstrated in 
colostrum and milk of cows and humans. However the 
effects of this antibody in preventing or modifying 
human rotavirus infection have varied from studies 
shov/ing no protection (Gurwith et al . , 1981) to studies 
demonstrating no effect on infection but a significant 
decrease in clinical symptoms in breast-fed infants 
(Duffy et al., 1986). 
1.6.2. Vaccine development 
An important observation in the development of a 
rotavirus vaccine was made by Wyatt et al (1979) who 
showed that calves experimentally infected with a 
bovine rotavirus were protected against experimental 
challenge with a human rotavirus. Thus the concept that 
vaccination with an attenuated rotavirus strain from 
another animal species might induce heterologous 
immunity in man was established (Kapikian et al., 
1986). 
Bishop and associates in 1983 demonstrated that 
natural rotavirus infections in neonates did not protect 
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against re—infection in childhood but did confer 
protection against clinically significant rotavirus 
gastroenteritis. These studies were important in 
predicting that a live attenuated rotavirus vaccine 
would not prevent rotavirus infections but might be 
effective in combating severe rotavirus 
gastroenteritis . 
In a recent study Chiba et al (1986) demonstrated 
that virtually all infants who were seronegative or had 
low levels of rotavirus serotype 3 neutralizing 
antibodies became symptomatic when exposed to a 
serotype 3 rotavirus, in contrast to infants with high 
levels of serotype 3 neutralizing antibodies v/ho were 
clinically protected although re — infection occurred. 
During the course of these studies those children who 
were seronegative and who were infected with rotavirus 
type 3 also seroconverted to rotavirus serotype 1. This 
observation raised the possibility of inducing 
heterotypic immunity post vaccination. 
To date several rotavirus vaccines have been 
developed and are in various stages of evaluation. The 
RIT 4237 bovine strain rotavirus (serotype 6) was the 
first to be evaluated (Vesikar i et al. , 1983) and 
appeared to prevent clinically significant diarrhoea 
due to rotavirus infection in Finnish infants (Vesikari 
et al. , 19 8 4 ; Vesikari et al., 1985) . Subsequent trials 
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in developing countries, however, revealed that it was 
not as effective (DeMol et al. , 19 8 6; Hanlon et al., 
1987 Lanata et al., 1989). In several studies, rhesus 
rotavirus vaccine (RRV) strain MMU18006 (serotype 3) has 
been shown to be immunogenic but has been associated 
with mild side effects, including low-grade fever and 
watery stools (Anderson et al., 19 8 6; Gothefors et al., 
1989 Losonsky et al . , 1986; Vesikari et al . , 1986 ). 
Further clinical evaluations of this vaccine have 
revealed protection against severe diarrhoea in studies 
conducted in Venezuela (Flores et al . , 1987) and Sweden 
(Gothefors et al . , 1989) . Another attenuated rotavirus 
being evaluated as a potential human vaccine is the 
serotype 6 bovine strain WC3 . This strain was found to 
be immunogenic in infants (Clark et al. , 198 6) and 
induced both homotypic and heterotypic antibodies in 
adults (Bernstein et al . , 1989). This vaccine appeared 
to be safe (Bernstein e al . , 1990) and to provide 
heterotypic protection in infants (Clark et al. , 1988). 
The possibility of using naturally attenuated human 
rotavirus strains ( 'nursery strains') has also been 
suggested and the safety and immunogenicity of M37, a 
nursery strain which was originally recovered in 
Venezuela (Perez-Schael et al., 1984) is currently being 
assessed. 
1.6.3. Passive immunization 
Passive immunization may have a role in the 
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prophylaxis of rotavirus infections. Animals are 
protected by high anti-rotavirus titre colostrum 
(Snodgrass and Wells, 1976; Woode, Jones and Bridger, 
1975)• Orally administered immunoglobulin has been used 
to treat rotavirus gastroenteritis in human infants, 
and pooled breast milk containing high levels of anti-
rotavirus antibody has controlled prolonged rotavirus 
infection in bone marrov/ transplant patients 
(Barnes e al., 19 8 2; Saulsbury, Winkelstein and Yolken, 
1980) • Protection from rotavirus infection in children 
given bovine colostrum antibody has also been described 
(Ebina et al. , 1983 ). 
1.7. Objectives of this study 
Human rotavirus causes a substantial proportion of 
the diarrhoeal illness of public health importance 
worldwide. The development of rotavirus vaccines is an 
important step in preventing rotavirus infection in 
humans. An effective rotavirus vaccine administered to 
infants under 6 months of age in the developing 
countries may decrease the number of cases of diarrhoea 
by more than 50 million episodes and prevent up to 
800,000 deaths per year (De Zoysa and Feachem, 1985). 
From recent vaccine studies it appears that vaccines 
showing greater cross-reactivity with human strains may 
be required to induce broad protection. Rotaviruses can 
undergo genetic mutation(s) resulting in antigenic drift 
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and genetic reassortment resulting in antigenic shift. 
As a result of genetic change(s) , it is possible for a 
new rotavirus strain with different antigenic properties 
to emerge causing severe illness in humans or in 
animals. It is absolutely necessary to have a continuous 
surveillance system on a world-wide scale to look for 
the possible emergence of new human rotavirus strains. 
The main objective of this study is to characterize 
human rotavirus strains circulating in Hong Kong. 
Certainly the results of the study will provide 
important epidemiological information for the 
development of effective vaccine strategies in this 
locality. 
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CHAPTER 2 MATERIALS AND METHODS 
2.1. MATERIALS 
2.1.1. Reagents for tissue culture work 
2.1.1.1. HEPES buffer 1 M stock solution (pH 7.3) 
Dissolve 238.3 g HEPES (Flow Laboratories) in 9 o 
ml distilled water. Adjust to pH 7.3 with 5 M NaOH and 
make up to 1000 ml v/ith distilled water. Sterilize by 
filtration and store at 4 ° C. 
2.1.1.2- HEPES buffered Eagle Minimum Essential Medium 
Aseptically add 20 ml of HEPES buffer solution (1 
M) for every litre of medium. 
2.1.1.3. Sodium bicarbonate solution (7.5 %) 
Dissolve 7.5 g sodium bicarbonate in 100 ml 
distilled water. Dispense into tightly stoppered 
bottles. Sterilize by autoclaving at 15 ib for 15 
minutes . 
2.1.1.4. Gentamicin stock solution (4 mg/ml) 
Dilute 1 ml of gentamicin (40 mg/ml) (Roussel 
Laboratories) to 10 ml with sterile distilled water. 
Store at 40 C. Gentamicin is added to the cell culture 
medium at a final concentration of 20 ug per ml. 
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2.1.1.5, Trypsin (Type IX, crystallized) (Sigma) 
Dissolve 100 mg crystallized trypsin in 10 ml 
distilled water. Filter, aliquot and store at -200 C. 
2.1.2. Reagents for electropherotyping 
2.1.2.1. 0.1 M Sodium acetate pH5 containing 1% SDS 
Dilute 6 g glacial acetic acid to 1 L ( 0.1 M). 
Dissolve 1.15 g anhydrous sodium acetate in 14 0 ml 
distilled water (0.1 M) . Mix 140 ml 0.1 M sodium 
acetate with 60 ml 0.1 M acetic acid and 2 g sodium 
dodecyl sulphate (SDS), check pH and adjust to 5.0 if 
necessary . 
2.1.2.2. "Phenol"-"chloroform11 mixture 
"Phenol" = redistilled phenol 250 g 
m-cresol 35 g 
8— H quinoline 0.25 g 
Dissolved in 100 ml distilled water. 
"Chloroform" Chloroform 2 4 parts 
isoamy1 alcohol 1 part 
Mix 3 volumes of "phenol" with 2 volumes of 
"chloroform", aliquot and store at -20° C. 
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2.1.2.3. 30% acrylamide 
0-8% N,N'-methylene-bis-acrylamide (MBA) 
Acrylamide 30 g 
MBA 0.8 g 
Dissolve and make up to 100 ml with distilled 
water . Store at 4 ° C. 
2.1.2.4. Lower Tris buffer (4x) (1.5 M Tris HCl, pH 8.8) 
Dissolve 18.17 g Tris base in about 80 ml distilled 
water. Adjust pH to 8.8 with 12 N HCl (approx. 2.75 
ml). Add distilled water to 100 ml. 
2.1.2.5. Upper Tris buffer (4x) (0.5 M Tris HCl pH 6.8) 
Dissolve 6.06 Tris base in about 80 ml distilled 
water. Adjust pH to 6.8 with 12 N HCl (about 3.95 ml). 
Add distilled water to 100 ml. 
2.1.2.6. Tris-glycine running buffer (4x) 
Tris base 12.0 g 
Glycine 57.6 g 
Dissolve in 1000 ml distilled water. 
2.1.2.7. Sample buffer 
Upper Tris (4x) 7•5 ml 
Glycerol 2.5 ml 
Bromophenol blue 10 mg 
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2.1.2.8. 2% Ammonium persulphate 
Ammonium persulphate 100 mg 
Distilled water 5 
2.1.2.9. 10% acrylaraide slab gel 
(14 cm x 16 cm x 1.5 cm thick) 
Distilled water 16.12 ml 
Lower Tris (4x) 10.00 ml 
3 0% acrylamide + 0.8% MBA 13.3 0 ml 
N,N,N',N'-Tetramethy1ethylenediamine 10 ul 
2% ammonium persulphate 0.6 ml 
2.1.2.10. 3% acrylamide gel 
Distilled water 6.20 ml 
Upper Tris (4x) 2.50 ml 
30% acrylamide + 0.8% MBA 1.00 ml 
N,N,,-Tetramethy1ethylenediamine 10 ul 
2% ammonium persulphate 0.30 ml 
2.1.2.11. Silver nitrate solution (0. Oil M) 
Silver nitrate 0.37 g 
Distilled water 200 ml 
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2.1.2.12. Developing (reducing) solution 
Na H 7.5 g 
38% formaldehyde solution 1.9 ral 
Distilled water 250 ml 
Dissolve NaOH first. Do not add formaldehyde 
solution to solid NaOH. 
2.1.2.13. 3M Sodium acetate pH 5.2 
Dissolve 4 0.8 g sodium acetate. 3H2 0 in 80 ml 
distilled water. Adjust pH to 5.2 with glacial acetic 
acid and make up to 100 ml with distilled water. 
2.1.3. Reagents for ELISA 
2.1.3.1. PBS-Tween (pH 7.4) 
NaCl 8 . 0 g 
KH2P 4 0. 2 g 
Na2HP04.12H20 2.9 g 
KC1 0.2 g 
Tween 20 0.5 ml 
Dissolve in 1000 ml of distilled water. 
Store at 4 ° C. 
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2.1.3.2. 1% BSA/PBS 
Bovine serum albumin (Fraction V) 10. g 
NaCl 8 . 0 g 
KC1 0.2 g 
KH2P04 0.2 g 
Na2HP04.12H20 2.9 g 
Dissolve in 1000 ml distilled water. 
Store at 4 ° C. 
2.1.3.3. Substrate solution for alkaline phosphatase 
Dissolve 2 Substrate Tablets AP (Behringv/erke) in 
10 ml of Substrate Buffer AP (Behringwerke). 
The Substrate Tablets AP consist of 7 . 5 mg p — 
nitrophenyl phosphate, 51 g NaCl and 1.2 mg polyethylene 
glycol. 
The Substrate Buffer AP, pH 9.8 contains 100 ml of 
diethanolamine and 102 mg of MgCl2.6H2 per litre of 
distilled water . 
2.1.4. Reagents for hybridization assay 
2.1.4.1. Tris-EDTA buffer ( pH 8.0) (TE) 
10 mM Tris.HCl (pH 8.0) 
1 mM EDTA (disodium salt) 
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2.1.4.2. Stock salmon sperm DNA solution (10 mg/ml) 
Dissolve Salmon sperm DNA (Sigma Type- in 
distilled water at a concentration of 10 mg/ml with 
constant stirring overnight at room temperture. shear 
the DNA by sonication. Boil the DNA solution in a 
boiling water bath for 10 minutes. Aliquot and store at 
-20° C until use. 
2.1.4.3. Column elution buffer (CEB) 
150 mM sodium chloride (NaCl) 
10 mM EDTA (disodium salt) 
50 mM Tris.HCl (pH 7.5) 
0.1% sodium dodecyl sulphate (SDS) 
2.1.4.4. Standard saline citrate (SSC) 
Concentrated stock solution (20X) 
Sodium chloride 175.3 g 
Sodium citrate 88.2 g 
Dissolve in 800 ml distilled water. 
Adjust pH to 7.0 with 10 M NaOH and make up to 1 
litre with distilled water. 
2.1.4.5. Denhardt solution 





Bovine serum albumin (Fraction V) (BSA) 5 g 
Dissolve in 500 ml distilled water with constant 
stirring. Filter, aliquot and store at -20° C. 
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2.1.4.6. Prehybridization mixture 
6 X SSC 
5 X Denhardt's solution 
0.5 % SDS 
Add heat-denatured salmon sperm DNA to a final 
concentration of 100 ug/ml. 
2.1.4.7. Tris-borate electrophoresis buffer (TBE) 
89 mM Tris (pH 8.3) 
2.5 _ EDTA (disodium salt) 
89 mM Boric acid. 
2.1.4.8. Ethid ium bromide (10 mg/ml) 
Add 1 g of ethidium bromide to 100 ml distilled 
water. Stir on a magnetic stirrer for several hours to 
ensure that the dye has dissolved completely. Wrap the 
container in aluminum foil and store at 4 ° C. 
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2.2. METHODS 
2.2.1. Collection of specimens 
Stool specimens were obtained from children with 
diarrhoea who had been admitted to the paediatric wards 
of the Prince of Wales Hospital, Hong Kong, between July 
1985 to November 1990. Specimens were initially 
tested for rotavirus antigen by a commercial enzyme 
linked immuno-sorbent assay (Rotazyme , Abbott 
Laboratories) and the remaining portions were stored at 
-7 0° C for subsequent rotavirus electropherotype, 
subgroup and serotype analysis. 
2.2.2. Rotavirus strains 
The following standard rotavirus strains were used 
in this study (Table 2) : Wa, KU, K8, RV4 (subgroup II, 
serotype 1) S2, RV5 (subgroup I, serotype 2) Ito, Y , 
RV3 , (subgroup II, serotype 3 ) SA-11 (subgroup I, 
serotype 3) Hochi (subgroup serotype 4) OSU 
(subgroup I, serotype 5) UK, NCDV (subgroup I, serotype 
6) . Strains Wa, KU, K8, S2, YO, to, Hochi, SA11, OSU, 
UK, NCDV were kindly provided by J. Tam of the Chinese 
University of Hong Kong. Strains RV3, RV4 and RV5 were 
obtained from R. Bishop of the Royal Children's 
Hospital, Australia. 
All standard strains were propagated in MA 104 
cells in the presence of trypsin as described previously 
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Table 2. Rotavirus strains used in this study. 
Strain Species Serotype Subgroup 
Wa Human 1 
KU Human 1 
K8 Human 1 
RV4 Human 1 
S2 Human 2 -
RV5 Human 2 I 
t Human 3 
Yo Human 3 II 
RV3 Human 3 II 
SA11 Simian 3 
Hochi Human 4 II 
OSU Porcine 5 
UK Bovine 6 
NCDV Bovine 6 
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(Sato et al. , 1981). Briefly, virus was activated v/ith 
crystallized trypsin (lOug/ml) for 30 minutes at 37° c. 
The activated virus suspension was added to confluent 
monolayer of MA 104 cells prewashed 2 times with PBS and 
allowed to adsorb for 1 hour at 37° C. Excess virus was 
removed and the cell monolayer was cultured in serum-
free Minimum Essential Medium (MEM) containing 
crystallized trypsin (0.5 ug/ml) at 37 ° C. A 
characteristic cytopathic effect usually developed in 2— 
3 days after incubation. 
2.2.3. Monoclonal antibodies 
Four serotype—specific and two subgroup speciic 
monoclonal antibodies were used in the study. The 
serotype-specific antibodies that recognize VP7 were 5E8 
(serotype 1), 2F1 (serotype 2), 159 (serotype 3) and 
ST3:1 (serotype 4). The subgroup-specific antibodies 
were 255/60 (subgroup I) and 631/9 (subgroup II) . In 
addition, monoclonal antibody 60, which recognizes the 
VP7 of all four serotypes in ELISAs, was used to detect 
the presence of VP7 antigen in the specimens. 
Monoclonal antibodies 255/60, 631/9, 5E8, 2F1, 159 and 
60 were kindly provided as hybridoma cells by Dr H. 
Greenberg of the Standford University, United States of 
America. Monoclonal antibody ST3:1 was purchased from 
the Silenus Laboratories, Australia. The reactivity of 
these monoclonal antibodies has been previously 
described (Greenberg et al. , 19 8 3b; Shaw et al. , 1985; 
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Shaw et al., 1936; White et al., 1984). 
The hybridoma cells were grown in RPMI 1640 (Flow 
Laboratories) medium supplemented with 15% foetal calf 
serum (FCS) at 37° C in an atmosphere of 5% C
 2• Culture 
supernatants were collected and stored at -70° C until 
use. Hybridoma cells were concentrated by low speed 
centrifugation (1500 rpm for 10 minutes) and v/ashed 
twice in serum-free RPMI medium. The cells were then 
inoculated intraperitoneally into BALB/c mice at a 
concentration of 1 x 106 cells per mouse. Mice were 
primed with 0.2 ml of Pristane (Sigma) 10 days before 
inoculation. The inoculated mice were kept separately 
and ascitic fluids were collected one to two weeks later 
by needle aspiration through the abdomen. The ascitic 
fluids were clarified by centrifugation and supernatants 
were collected and stored at -70° C until use. 
2.2.4. Detection of rotavirus antigen by ELISA 
A commercial ELISA kit (Rotazyme , Abbott 
Laboratories) was employed to detect rotavirus antigen 
in stool specimens throughout the study. The assay was 
carried out according to the protocol recommended by the 
manufacturer. Briefly, an approximately 10% stool 
suspension was prepared in Rotazyme Sample Diluent. 
200 ul of each control or stool suspension was pipetted 
into an appropriate reaction tray well and one anti-
rotavirus antibody coated bead was added to each well. 
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The tray was incubatcd at 37° C for 60 minutes and 
washed three times with deionized water. 200 ul of 
anti—rotavirus immunoglobulin conjugated with 
horseradish peroxidase (HRPO) was added to each well and 
the tray was incubated for one hour at 3 7° C. After 
washing the beads were transferred into assay tubes and 
300 ul of the substrate ( o-phenylene diamine HC1) were 
added . After incubation for 3 0 minutes at room 
temperature, the reaction was stopped by the addition of 
1 ml of 1M sulphuric acid and the absorbance v/as 
measured at a wavelength of 492 nm in a Quantumatic 
analyzer (Abbott Laboratories) • Specimens with 
absorbance equal to or greater than the calculated 
cutoff value were considered reactive for rotavirus 
antigen . 
2.2.5. Rotavirus electropherotyping 
The technique was performed according to Herring et 
al. ( 1982) and Roger and Holmes (1979) . This method is 
basically divided into three stages : 
2.2.5.1. RNA extraction. 
Approximately 0.1 g faecal sample or infected MA 
104 cells from one or two 35 mm Petri dishes was 
suspended in 0.5 ml of 0.1 M sodium acetate pH5 
containing 1% SDS and 0.5 ml of “ phenol-chloroform" 
mixture was added. The mixture was agitated for 1 minute 
on a vortex mixer and centr if uged for 5 minutes at 
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13500rpm in a bench top centrifuge (MSE, Microcentaur)• 
The upper aqueous layer containing rotaviral dsRNA was 
removed and kept at -20° C for storage. 
2.2.5.2. Polyacrylamide gel electrophoresis 
Electrophoresis of the extracted dsRNA was 
performed in 10% polyacrylamide slab gels with a 3% 
stacking gel , using the discontinuous buffer system 
described by Laemmli (Laemmli, 19 7 0) with sodium dodecyl 
sulphate (SDS) omitted from all of the solutions. The 
dimensions of the gel were 16 cm x 18 cm x 1.5 mm. 15 — 
30 ul of rotavirus dsRNA in sample buffer were loaded 
into a well (2 5mm x 14 mm xl. 5mm) of the gel. Care v/as 
taken not to contaminate adjacent wells. Electrophoresis 
was carried out at constant current (15mA per gel slab) 
for approximately 16 hours at room temperature in a 
vertical LKB electrophoretic system. 
2.2.5.3. Silver staining 
After electrophoresis, the gel was fixed in 10% 
ethanol and 5% acetic acid for 1 hour and soaked in a 
silver nitrate solution (0.011 M) for another hour. The 
gel was thoroughly rinsed with distilled water and 
placed in a developing solution (7.5 g NaOH and 2 ml of 
36% formaldehyde in 250 ml distilled water) for 5 to 10 
minutes or until the RNA bands were visible. The 
developing solution was removed from the gel and the 
reaction was stopped by adding 5% acetic acid. The gel 
was examined and photographed on a light box. 
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2.2.6. Serotyping of rotavirus by fluorescent foci 
neutralization 
2.2.6.1. Preparation of hyperimmune antisera 
Hyperimmune antisera were raised in guinea pigs 
against four cultivable human rotavirus strains Wa 
(serotype 1), S2 (serotype 2) , Yo (serotype 3) , and 
Hochi (serotype 4). These strains were propagated in 
MA104 cells as described in section 2.2.2. Special 
precautions were taken to avoid cross contamination 
between different rotavirus strains. After incubation, 
the viruses were harvested and concentrated by 
ultracentrifugation at 100, 000 x g for 2 hours at 4 ° C 
in a Kontron TST 41.14 rotor. The resulting cell/virus 
pellets were resuspended in a small volume (20-30 ml) of 
virus suspension buffer (50 mM Tris—HC1 pH8.0, lOmM 
NaCl, 1.5 mM 2-mercaptoethanol, 3mM CaCl2), extracted 
with Freon 113 and purified by centrifugation through a 
caesium chloride density gradient (initial density 1.2-
1.4 g/ml) at 2 0 0,000 x g for 18 to 20 hours at 4° C in a 
Kontron TFT 80.13 rotor. The virus bands were collected 
by side puncture of the gradient tube, washed twice 
with PBS, and examined by electron microscopy. The 
virus preparations containing mainly the double-shelled 
particles as revealed by electron microscopy were used 
to raise neutralising antibodies in guinea pigs shown to 
have no antibody to rotavirus by the indirect 
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imnumofluorescent staining technique before 
immunization. Three sequential doses of virus mixed in 
Freund's complete adjuvant, Freund's incomplete adjuvant 
and PBS were administered intramuscularly at 
approximately 2-week intervals. The inoculated guinea 
pigs were kept separately and serum was collected 2 
weeks after the last dose. 
2.2.6.2. Determination of fluorescent foci in specimen 
Approximately 10% (V/V) suspensions of faeces were 
made in MEPES buffered MEM and clarified by 
centrifugation at 6500 rpm for 5 minutes in a bench top 
centrifuge (MSE MicroCentaur) • Each faecal extract was 
divided into 2 portions. One portion was assayed for 
virus infectivity and the remaining portion was stored 
at 4 ° C for subsequent neutralization test. 
The assay v/as carried out in MAI0 4 cell monolayers 
prepared in 96 well, flat-bottomed tissue culture 
microtitre plates (Flow Laboratories) as described 
previously (Beards, Thouless and Flewett, 1980) . The 
cells were grown in HEPES buffered Eagle's minimal 
essential medium (MEM) containing 10% foetal calf serum 
and gentamicin (final concentration 20 ug/ml) for 3-4 
days at 37 ° C. Before inoculation, the cells were 
washed three times with serum free MEM. The faecal 
suspensions were activated with trypsin (10 ug/ml) for 
30 minutes at 37° C. and then diluted in HEPES buffered 
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MEM from 1: 10 to 1: 160. 50 ul of each dilution v/erc 
inoculated onto prewashed MA104 cell monolayers. The 
inicrotitre plates were sealed, centrifuged at 2 500 rpm 
for one hour and incubated for 16-18 hours at 37 ° C. 
After incubation the cells were fixed with absolute 
methanol and stained f or rotavirus antigen by the 
indirect immunofluorescent staining technique using 
guinea pig anti—rotavirus antibodies. Each rotavirus 
positive cell was counted as one fluorescent focus unit 
(ffu). -
2.2.6.3. Fluorescent Foci Neutralization test (FFN) 
The neutralization test was carried out in 96—well, 
flat bottomed tissue culture microt itre plates as 
described above. Briefly, the clarified faecal 
suspension was activated in trypsin (10 ug/ml) for 30 
minutes at 37° C and diluted to contain 100 to 200 
fluorescent focus units per 100 ul in HEPES buffered 
MEM. Each virus suspension was mixed with equal volumes 
of serial twofold dilutions of guinea—pig anti-Wa 
(serotype 1), anti-S2 (serotype 2), anti-YO (serotype 3) 
and anti—Hochi (serotype 4), from 1:16 0 to 10240 or 
HEPES buffered MEM (virus controls). The mixtures were 
incubated at 37° C for 30 minutes and then inoculated on 
to MAI04 cells in 0.1 ml amount in duplicates. Standard 
rotavirus strains Wa, S2, YO, and Hochi treated in the 
same manner as the stool specimens were included as 
positive controls. The inoculated microtitre plates 
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were sealed, centrifuged, incubated, and stained as 
described. The neutralising titre of each serum was 
expressed as the reciprocal of the highest dilution 
giving 5 0% or more reduction in the number of 
fluorescent cells, as compared with virus control v/ells. 
A difference in titre of 4-fold or greater v/as the 
criterion used to establish the serotype specificity of 
the virus . 
2.2.7. Serotyping of rotavirus by oligonucleotide probes 
hybridization 
2.2.7.1. Extraction of rotaviral dsRNA 
Rotavirus RNA v;as extracted from stool specimens by 
the phenol-chloroform method as described previously 
(see section 2.2.5). The RNA in the supernatants was 
precipitated v/ith 1/10 volume of 3M sodium acetate and 2 
volumes of absolute ethano1 at -20° C overnight, 
collected by centrifugation, and dissolved in 100 ul of 
TE buffer. 
2.2.7.2. Purified rotavirus strains 
Rotavirus dsRNA preparations from the following 
standard strains were used as controls: Wa, KU, K8 and 
RV4 (serotype 1); S2 and RV5 (serotype 2) YO and to 
(serotype 3) Hochi (serotype 4) OSU(serotype 5) and UK 
(serotype 6) . The virus was grown in MA104 cells, 
harvested, and purified through a CsCl gradient as 
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described previously (see section 2.2.6.1). The viral 
dsRNA was extracted with phenol-chloroform and 
precipitated with ethanol as described above. The 
concentration of the dsRNA was calculated by determining 
the optical density at 260 nm. 
2.2.7.3. Preparation of oligonucleotide probes 
The probes consist of four 25 base long synthetic 
oligonucleotides, with sequences corresponding to 
regions of the outer capsid protein VP7 gene between 
nucleotides 315 and 3 3 9 of human rotavirus strains D 
(serotype 1), DS1 (serotype 2) , P (serotype 3) and ST3 
(serotype 4). This particular region was selected 
because the nucleotide sequence of this region differs 
between different serotypes and is highly conserved 
among rotaviruses of the same serotype (Green et al., 
1988; Glass et al., 1985). The nucleotide sequences and 
serotype specificities of these probes are as follows: 
Probe Nucleotide sequence serotype 
Oligo-1 5'-AAGTACTCAAATCAATGATGGTGAC-3, 1 
Oligo-2 5‘-TAAAAATGAGATTTCAGATGATGAA-3' 2 
Oligo-3 5'-AGCAACAGAAATAAATGATAATTCA-3‘ 3 
Oligo-4 5‘-TCCAACTCAAATTAGTGACACTGAA-3‘ 4 
These oligonucleotide probes were synthesized by 
the OCS Laboratories nc, USA. 
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2-2.7.4. Labeling of probes 
Each probe was labelled at the 2f end with 32p 
ddAMP using a commercial 3' end labelling kit (Amersham 
international) . Briefly 20 pinoles of the oligonucleotide 
were mixed with 10 ul of buffer, 10 ul [ 32p] ddATP ( 
radioactivity 100 uCi) , 10 ul (20 units) of terminal 
transferase and distilled v/ater to a final volume of 100 
ul. The mixture was incubated at 37 ° C for one hour. At 
the end of incubation the reaction was terminated by 
loading the mixture directly onto a NAP-25 separation 
column (Pharmacia Co. LTD) . The labeled DNA was eluted 
out with a buffer containing 15 0mM NaCl, 10 mM EDTA, 
0.1% SDS and 50 mM Tris HC1, pH7. 5. Fractions (0.5 ml) 
were collected and monitored for radioactivity. The 
labeled DNA was eluted first and specific activity was 
calculated to be in the range of 109 cpm/ug. 
2.2.7.5. Dot hybridization Assay 
Approximately 50 ng of dsRNA in TE buffer were 
denatured by heating to 100° C in a heating-block for 5 
minutes and then immediately chilled for 5 minutes in an 
ice bath. The denatured RNA was diluted with 20 volumes 
of cold 20 x SSC (1 x SSC is 0.15 M NaCl plus 0.015 M 
sodium citrate) and applied to a nylon membrane with a 
manifold filtration apparatus (BioRad). After drying in 
air, the membrane was irradiated with UV light for 20 
minutes. Four identical membranes were prepared from the 
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same set of specimens. The membranes were prehybridized 
for 2 hours at 38 °C in a mixture containing 6 x SSC, 
0.5% sodium dodecyl sulphate (SDS) , 0. 1% bovine serum 
albumin, 0.1% polyvinylpyrol1idone, 0.1% Ficoll and 50 
ug of salmon sperm DNA per ml. After prehybridization, 
the appropriate oligonucleotide probe was added to the 
mixture at a concentration of 1 x 107 cpm per ml ; 
hybridization was carried out at 38 °C for 20 to 24 
hours. The inembranes were then washed at 38 ° C in 2 x 
SSC for 15 minutes (two times) , in 2 x SSC containing 
0.1% SDS for 15 minutes (tv/o times) , and exposed for 16-
24 hours to X-ray film with intensifying screens. 
2.2.7.6. Northern blot hybridization 
Northern blot hybridization was carried out with 
samples shown to be positive in the dot hybridization by 
the method of Flores et al (1989). Briefly, rotavirus 
dsRNAs were electrophoresed in 1.2% agarose gel in TBE 
buffer, blotted after staining with ethidium bromide, 
and photographed under UV light. RNAs were denatured and 
partially digested by incubating the gel in 0.2 M NaOH 
for 10 minutes. The NaOH was neutralized by successive 
washes in 1M, 100 mM, 5 0mM, and finally, 20 mM Tris 
hydrochloride, pH 7.0. A piece of nylon membrane cut to 
the gel size, previously rinsed in 20 mM Tris 
hydrochloride pH 7.0, was placed over the gel and stacks 
of blot paper were put on top of the membrane. After 
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overnight blotting at room temperature, the Hiembrane v/as 
lightly rinsed in water and fixed by UV irradiation. 
Hybridization of northern blots was carried out at 38° c 
for 20 to 2 4 hours under exactly the same conditions as 
in the dot hybridization assay. 
2-2.8. Rotavirus serotyping by ELISA 
Polyclonal antibodies raised in guinea pigs against 
the complete particles of human rotavirus Wa, S2, YO and 
Hochi were used as capture antibodies in the serotyping 
ELISA. They were mixed in equal volumes and purified by 
ammonium sulphate precipitation (Voller, Bidwell and 
Bartlett, 1980) . 100 ul of the purified antibodies were 
added to each v/ell of a polystyrene microtitre plates 
(Nunc Immulon II) at a concentration of 5 ug/ml in 
phosphate buffered saline (pH 7.4) as determined by 
checkerboard titration with appropriate standard 
rotavirus strains. The plates were incubated overnight 
at 4 ° C. After incubation the plates were v/ashed with 
PBS/T (0.05% tween 20 in PBS) and blocked with 200 ul 
per well of 1% bovine serum albumin in PBS ( 1% BSA/PBS) 
at 4 ° C overnight. The plates were washed twice with 
PBS and stored at 4 ° C until use (not more than 2 
weeks) . Approximately 2 0% stool suspensions were 
prepared in 1%BSA/PBS and clarified by low speed 
centrifugation• 100 ul of the clarified stool 
suspensions were added to each of 6 wells of the plates. 
Tissue culture supernatant from MAI04 cells infected 
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with standard rotavirus strains were included as 
controls. The plates were incubated at 4 ° C overnight 
and washed 6 times with PBS/T in a Behring Washing 
Machine. Monoclonal antibodies as ascitic fluids were 
diluted 1 in 2000 for 60, 2F1 and 159, 1 in 500 for 
5E8, and 1 in 100 for ST3:1 in 1% BSA/PBS as determined 
by checkerboard titration. 100 ul of these antibodies 
or 1%BSA/PBS (specimen control) were added to the 
appropriate well. The plates v;ere incubated at 37 ° C for 
3 hours and washed 6 times with PBS/T. Anti—mouse 
polyvalent gamma globulin-alkaline phosphatase conjugate 
(Dakopatt Co. Ltd) was diluted 1/1000 in 1% BSA/PBS, and 
100 ul was added to each well. The plates v;ere incubated 
for 1.5 hours at 37 ° C and washed six times with PBS/T. 
100 ul of the substrate p — n i tiropheny 1 phosphate in 
diethanolamine buffer, pH 9.8 ( Behring, West Germany) 
was added to each well, and the plates were left at room 
temperature for 30 minutes. The reaction was stopped by 
adding 50 ul of stopping solution (2M NaOH) to each 
well. Optical densities ( D) were read at 405 nm with a 
Behring ELISA reader against specimen blanks. A faecal 
sample was considered positive for rotavirus if its 
OD405 w a s greater or equal to 0.2 D units. A rotavirus 
specimen was considered to be a specific serotype if its 
reactivity with the monoclonal antibody corresponding to 
that serotype was at least twice as high as those with 
each of the other serotyping monoclonal antibodies 
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(Ahmed et al . , 1989 / Coulson et al. , 1987 ; Flores et 
al., 1988; Padilla-Noriega et al., 1990). 
2.2.9. Rotavirus subgroup ing by ELISA 
Polyclonal antibodies raised in guinea pigs against 
the incomplete particles of human rotavirus Wa and S2 
were used as capture antibodies. The virus strains were 
grown in MA 104 cell culture, harvested and purified as 
described in Section 2.2.6.1. The virus band 
corresponding to the incomplete particles was used to 
raise subgroup antibodies. The antibodies v/ere - mixed 
1:1 and purified by ammonium sulphate precipitation as 
described above. 100 ul of the purified antibodies v/as 
added to each well of the microtitre plate (Nunc mraulon 
II) at a concentration of 2.5 ug/ml in phosphate 
buffered saline pH 7.4 as determined by checkerboard 
titration with standard rotavirus strains of known 
subgroup. The plates were incubated, washed and blocked 
with 1% BSA/PBS as described in the serotyping ELISA. 
100 ul of the clarified stool suspension was added to 
each of 3 wells of the plates. Tissue culture 
supernatant from MAI0 4 cells infected with standard 
rotavirus strains were included as controls. The plates 
were incubated at 40 C overnight and washed 6 times with 
PBS/T. Monoclonal antibodies 255/60 and 631/9 were used 
as tissue culture supernatants at a dilution of 1 in 128 
in 1% BSA/PBS as determined by checkerboard titration. 
100 ul of the antibodies or 1% BSA/PBS (specimen 
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control) was added to the appropriate well. The plates 
were incubated at 37° C for 3 hours and washed 6 times 
with PBS/T. Anti—mouse polyvalent gamma globulin— 
alkaline phosphatase conjugate (Dakopatt Co. Ltd) was 
diluted 1/1000 in 1% BSA/PBS, and 100 ul was added to 
each well. The plates were incubated for 1.5 hours at 
37 ° C and washed 6 times with PBS/T. 100 ul cf the 
substrate p-nitropheny1 phosphate in diethanolamine 
buffer was added to each well, and the plates v/ere left 
at room temperature for 30 minutes. The reaction was 
stopped by the addition of 50 ul of 2M NaOH and optical 
density ( D) was read at 405 nm. A specimen was assigned 
to a specific subgroup when its OD v/as greater or equal 
to 0.2 OD units and was at least twice the reactivity of 
the other subgrouping antibody. 
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CHAPTER 3 RESULTS 
3.1 Age and sex distribution of the study population 
During the period July 1985 to November 1990, stool 
specimens from 4925 children with diarrhoea were 
submitted for rotavirus detection by ELISA (Rotazyme II, 
Abbott Laboratories)• The age and sex distribution of 
the children is shown in Table 3. Most of these 
children (3572, 72.5%) were aged from newborn to 12 
months old. The percentage of patients in each age group 
was higher for males than females and overall there was 
an excess of male compared to female patients (2941 
males and 1984 females). 
3.2. Detection of rotavirus by ELISA 
Rotavirus (RV) was detected in 1046 (21.2%) of the 
4925 children by ELISA (Rotazyme II, Abbott 
Laboratories)• Males comprised 60% (2941 out of 4925) 
of the study population, however the percentages of 
males and females excreting rotaviruses (20.9% and 21.7% 
respectively) were similar (Table 4) • The distribution 
of rotavirus infections in children of different ages 
is shown in Table 5. The majority of rotavirus infection 
were detected in young children 0-24 months old (91%)• 
The rotavirus infection rate was relatively low among 
infants in the youngest age group (0-6 months) (13.6¾), 
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Table 3. Age and sex distribution of the. children 
with diarrhoea from whom stool samples were submittGd 
for rotavirus detection. 
AGE ‘ 
(Months) Male Female Total 
<6 1311 917 2228 
7-12 817 527 134 4 
13-18 331 248 579 
19-24 164 105 269 
25-30 90 38 123 
31-36 57 46 103 
>36 171 103 274 
TOTAL 2941 1984 4925 
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Table 4. Sex distribution of children with 
symptomatic rotavirus infections. 
Sex No. tested No. positive % Positive 
Male 2941 (60) 615 (59) 20.9 
Female 1984(40) 431(41) 21.7 
Total 4925 1046 21.2 
Figure in parenthesis indicates percentage of total. 
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Table 5. Age distribution of children with 
symptomatic rotavirus infections 
Age No. examined No.Positive 
(mo) (% total) (% total) % Positive 
0- 6 2228(45) 304(29) 13.6 
7-12 1344 (27) 338 (32) 25.1 --
13-18 579 ( 12) 232 (22) 41.0 
19-24 269 (5) 35 (8) 31.6 
25-30 128 (3) 30 (3) 23.4 
31-36 103 (2) 27 (3) 26.2 
>36 274 (6) 31 (3) 11.3 
Total 4925 (100) 1046 (100) 21.2 
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but rose to a peak in the. 13 - ] 8 months aye cjroup 
(4 1.0%). 
3.3. Seasonal distribution of rotavirus infections 
As show n in Table 6, the percentage of human 
rotavirus infections for each year (from July to June) 
was relatively constant ranging from 18.4% to 25.4%. 
However, a consistent seasonal pattern of rotavirus 
infection was observed during the study period (Fig. 1). 
Rotavirus was rr.ost frequently detected in the cooler 
months of the year (November to February) . During the 
peak of infection (December or January) , rotaviruses 
were detected in 4 3% to 58% of the diarrhoeal cases. In 
the summer months (June to August), rotavirus infection 
was infrequent and none v/as found in August 1988. The 
averaged rotavirus detection rate for each month is 
shown in Table 7. Rotavirus infections rose steadily 
from 6.2% in July to a peak of 51.5% in December and 
steadily declined thereafter to 5.9% in June. 
Approximately 49% of the detected rotavirus infections 
occurred in December to January. The relationship 
between rotavirus infections and temperature, rainfall 
and relative humidity is shown in Fig. 2. There appear 
to be definite inverse relationships between rotavirus 
infections and temperature (r = -0.64; P< 0.0 0 01), 
relative humidity (r=~0.57; P<0.0001), and rainfall 
(r=-0.49; P<0.0001). 
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Table 6. Rotavirus infections in children with 
diarrhoea by year 
Rotavirus 




 1 1 1
 ‘ • “ . ~ ~ - . . • _. 
-—"-———"^―― -
1
 - “‘ • • - .. 
1985Jul-19S6Jun 571 113 19.8 
1986Jul-1987Jun 87 0 215 24:7 
19S7Jul-1988Jun 1011 186 18.4 
1988Jul-1989Jun 885 225 25.4 
1989Jul-1990Jun 923 215 23.3 
1990(Jul-Nov) 665 92 13.8 
Total 4925 1046 21.2 
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Figure 1. Monthly distribution of rotavirus infections 
in patients with diarrhoea between July 1985 and 































































































































Table 7. Rotavirus infections by month from July 1985 
to November 1990 
Month No. tested No. Pos (%) 
July 4 22 2 6 (6.2) 
August 373 3 2 (8.6) 
September 37 6 5 3 (14.1) 
October 420 72 (17.1) -. 
Noverriber 510 12 1 (23.7) 
December 513 2 64 (51.5) 
January 548 246 (44.9) 
February 413 112 (27.1) 
March 293 48 (16.4) 
April 298 28 (9.4) 
May 366 21 (5.7) 
June 393 23 (5.9) 
Total 4925 1046 (21.2) 
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Figure 2 • Effect of climatic factors on rotavirus 
infection ( The meteorological data v/ere kindly provided 
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3.4. Genetic diversity of human rotaviruses 
Eight hundred and five ELISA-positive and a random 
selection of 500 Rotazyme II-negative specimens were 
examined by polyacrylamide gel electrophoresis (PAGE)• 
An RNA migration pattern typical of group A rotavirus 
was detected in 721 (90%) of the 805 ELISA-positive 
specimens (Table 8)• Of the 500 ELISA-negative 
specimens, none gave visible bands characteristic of 
rotavirus dsRNA. Among the 72 1 specimens showing 
rotavirus dsRNA patterns, long electropherotypes were 
found in 673 (93 . 3%) , short patterns were found in 47 
(6.5%) and both long and short patterns were found in 1 
(0.1%) of the specimens (Table 9). Eighty-four different 
human rotavirus (HRV) electropherotypes were identified 
(Figs. 3a to 3e) • Each of these electropherotypes was 
designated either S (for short pattern) or L (for long 
pattern) followed by a number. The grouping of HRV 
isolates into different electropherotypes was based upon 
the comparison of the RNA patterns on the same gel and 
in some cases by co-electrophoresis. The long 
electropherotypes showed a greater degree of variation 
and a total of sixty-eight different types were 
identified whereas the short electropherotypes were only 
represented by sixteen types. Nine specimens contained 
mixtures of different L patterns and one contained 
mixtures of S and L patterns (Fig 4). 
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Table 8. Polyacrylamide gel electrophoresis (PAGE) of 
Rotazyme II-positive specimens. 
PAGE 
Positive Negative Total 
Rotazyme II-
Positive 721 84 805 
Negative 0 500 500 
Total 721 584 1305 
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Table 9. Relative frequency of long and short pattern 
rotavirus strains. 
Rotavirus 
dsRNA No. of specimens Percentage 
Long pattern 673 93.3 
Short pattern 4 7 6.5 
Long+ Short pattern 1 0.1 
Total 721 100.0 
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Figure 3a. RNA patterns of rotavirus strains. Lanes h 
to S are electropherotypes Wa, SI, S3, S4 , S3, S6, 
51 , S9, S12, S13, S15 , Sll, S14 , S17 , S18, S19, S2 
52 and SA11, respectively. Wa, S2 and SA11 v/ere 
included as controls. Double stranded RNA segments 
were separated by polyacrylaraicie gel electrophoresis 
and visualized by silver stain. The direction 
of migration is from top to bottom. Note the 
super-short pattern f strain S14 (lane M) : arrov/ 
indicates migration of segment 10. 
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AB c D E F G H I J K L M N P R S 
I 
m 
i A £t 
— ^mrn 
^ ji ^  '9 ^  • • ~ •• _ sat 2 
5 tm mm 
‘ • « 4H* ^mm mrnm 
^ i® ‘ •• - ^^ — Mm — 
789 ^ ai = M £r » — - ’ _ 
^ ^ ^ ^ ^ _ _ ^ ^ ^ ^ — • • .. m mtm : 
/ 
1 0 ^^^jt, II _ _ ^ 
^mm W^tk - -tn- .-..,
 r • __ 
7 1 
W^HI mmm^ ___ ,t, . •, -m-
78 
Figure 3b. RNA patterns of rotavirus strains. Lanes A 
to W are electropherotypes L18, L4 5, L77 , L9 0, L89, 
L3 4 , L74, L79, L33 , L8G, L5 5, L87 , LBS , I 94, L32, 
L3 8, L42, L51, L61, L46, L4 7, L7 0 and L8 4, respectively. 
Double stranded RNA segments were separated by 
polyacrylamide gel electrophoresis and visualized by 
silver stain. The direction of migration is from 
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Figure 3c. RNA patterns of rotavirus strains. Lanes A 
to S are electropherotypes Wa, L2, L8, L10, L31, 
L44, L71, L83 , L7(5, L95, L15, L27, L37 , L60, L91, 
L54, L92, SA11 and S2, respectively. Double 
stranded RNA segments were separated by polyacrylamide 
gel electrophoresis and visualized by silver stain. The 
direction of migration is from top to bottom. Numbers 
indicate rotavirus RNA segments. 
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Figure 3d. RNA patterns of rotavirus strains. Lanes A 
to S are electropherotypes Wa (control) , Lll, L'7, L80, 
L75, L9 6, L39 , L4 9 , L50, LG3 , L78 , L93, L72, I 81, L20, 
LI, L64, L16 and L19, respectively. Double stranded RNA 
segmG^nts were separated by polyacryl amide gel 
electrophoresis and visualized by silver stain. The 
direction of ini gration is f rom top to bottom. Numbers 
indicate rotavirus RNA segments. 
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Figure 3e. RNA patterns of rotavirus strains. Lanes 
A to M are electropherotypes L2 6, L5, L64 , L25, L2 9, 
L3 6, L5 3, L62, L5 7, L85, L5 8, SA11 and S2, respectively. 
Double stranded RNA segments were separated by 
polyacrylamide gel electrophoresis and visualized by 
silver stain. The direction of migration is from top 
to bottom. Numbers indicate rotavirus RNA segments. 
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Figure 4 . RNA patterns of ten specimens (A to J) 
showing more than eleven segments. Specimens A, B, C, 
E, F, G, H, I and J contain mixtures of differen' long 
patterns. Specimen D contains mixed short and long 
patterns. Migration is from top to bottom. 
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The frequency of appearance of individual 
electropherotypes in the course of the study is shown in 
Table 10. Many patterns appeared infrequently or were 
detected only once. A single electropherotype L5 
comprised 3 4% of total isolates. The distribution of 
electropherotypes in five rotavirus seasons betv/een July 
1985 and November 1990 is shown in Table 11 which shows 
that many of these types v/ere restricted to one epidemic 
season . 
The monthly distribution of electropherotypes from 
July 198 5 to June 1990 is presented in Tables 12 to 1(5. 
A few predominant electropherotypes v/ere seen in each 
season, with other electropherotypes appearing 
concurrently v/ith lower frequency. Rotavirus 
electropherotypes appeared in a sequential manner, many 
of the strains isolated at the beginning of the season 
differing from those detected at the end of the season. 
Some strains v;ere detected in two or more seasons. The 
most prevalent electropherotype L5 was first detected in 
December 19 8 5 and became the predominant 
electropherotype during the peak of the following 
seasons (1986/1987, 1987/1988 and 1988/1989). This type 
did not reappear after March 1989. L2 and L75 were 
identified as the most prevalent electropherotypes 
during the rotavirus epidemics in the 198 5/1986 and 
1989/1990 seasons respectively. 
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Table 10. Frequency with which electropherotypes 
were detected during the study period (July 1985 to 
November 1990). 
Electropherotype RNA pattern Frequency % Total 
L5 Long 248 34.4 
L7 5 Long 37 5.1 
L10 Long 31 4.3 
L93 Long 31 4.3 
L2 Long 26 3.6 
L71 Long 23 3.2 
L7 Long 22 3 .1 
L42 Long 18 2.5 
L39 Long 16 2.2 
L4 4 Long 16 2.2 
L77 Long 16 2.2 
L8 4 Long 16 2.2 
L9 2 Long 14 1.9 
L63 Long 13 1.8 
L7 0 Long 10 1.4 
L4 7 Long 7 1.0 
Lll Long 6 0.8 
L2 9 Long 6 0.8 
L2 5 Long 6 0.8 
L37 Long 6 0.8 
L7 2 Long 6 0.8 
L15 Long 5 0.7 
L4 5 Long 5 0.7 
L4 6 Long 5 0.7 
L78 Long 5 0.7 
L2 6 Long 4 0.6 
L38 Long 4 0.6 
L53 Long 4 0.6 
L90 Long 4 0.6 
LI Long 3 0.4 
L27 Long 3 0.4 
L57 Long 3 0.4 
L64 Long 3 0.4 
L3 6 Long 2 0.3 
L49 Long 2 0.3 
L50 Long 2 0.3 
L66 Long 2 0.3 
L81 Long 2 0.3 
L8 3 Long 2 0.3 
L86 Long 2 0.3 
L8 Long 1 0.1 
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Table 10 (continued) 
Electropherotype RNA pattern Frequency % Total 
L12 Long 1 0.1 
L16 Long 1 0.1 
L18 Long 1 0.1 
L19 Long 1 0.1 
L2 0 Long 1 0.1 
L31 Long 1 0.1 
L3 2 Long 1 0.1 
L34 Long 1 0.1 
L51 Long 1 0.1 
L54 Long 1 0.1 
L55 Long 1 0.1 
L58 Long 1 0. 1 
L60 Long 1 0.1 
L61 Long 1 0.1 
L62 Long 1 0.1 
L7 4 Long 1 0.1 
L7 6 Long 1 0.1 
L7 9 Long 1 0.1 
L8 0 Long 1 0.1 
L8 5 Long 1 0.1 
L87 Long 1 0.1 
L88 Long 1 0.1 
L8 9 Long 1 0.1 
L91 Long 1 0.1 
L94 Long 1 0.1 
L95 Long 1 0.1 
L9 6 Long 1 0.1 
519 Short 12 1.7 
58 Short 9 1.2 
SI Short 5 0.7 
513 Short 4 0.6 
53 Short 3 0.4 
S12 Short 3 0.4 
S6 Short 2 0.3 
Sll Short 1 0.1 
S15 Short 1 0.1 
54 Short 1 0.1 
SI Short 1 0.1 
59 Short 1 0.1 
514 Short 1 0.1 
517 Short 1 0.1 
518 Short 1 0.1 
520 Short 1 0.1 
Mixed Long 9 1.2 
Mixed Long + Short 1 0.1 
Total 721 100 
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Table 11. Frequency with which electropherotypes were 
detected in each epidemic year. 
Period 
Jul 85 Jul 86 Jul 87 Jul 88 Jul 89 Jul 90 
Electro- to to to to to to 
pherotype Jun 86 Jun 87 Jun 88 Jun 89 Jun 90 Nov 90 Total 
~ L I 3 3 " 
L2 2 6 26 
L5 17 53 134 44 248 
L7 3 11 8 22 
L8 1 1 
L10 31 31 
L l l 6 6 
L12 1 1 
L15 5 5 
L16 1 1 
L18 1 1 
L19 1 1 
L2 0 1 1 
L2 5 6 6 
L2 6 4 4 
L27 3 3 
L3 9 1 15 16 
L29 6 6 
L31 1 1 
L3 2 1 1 
L34 1 1 
L3 6 2 2 
L3 8 1 3 4 
L37 2 4 6 
L55 1 1 
L4 4 16 16 
L4 2 18 18 
L4 5 5 5 
L53 4 4 
L51 1 1 
L4 6 2 3 5 
L61 1 1 
L49 2 2 
L57 3 3 
L47 7 7 
L50 2 2 
L62 1 1 
L63 11 2 13 
L58 1 1 
L54 1 1 
L60 1 1 
L66 2 2 
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Table 11 (continued) 
Jul 85""“Jul 8 6 J u l 8 7 J u l 88"""Jul 89~~~Jul 90 
Electro- to to to to to to 
pherotype Jun 86 Jun 87 Jun 88 Jun 89 Jun 90 Nov 90 Total 
L64 3 3 
L7 0 2 8 10 
L71 1 22 23 
L7 2 6 6 
L7 4 1 1 
L7 5 37 37 
L7 6 1 1 
L7 7 15 1 16 
L7 8 5 5 
L79 1 1 
L8 0 1 1 
L81 2 2 
L83 2 2 
L86 2 2 
L84 3 13 16 
L8 5 1 1 
L87 1 1 
L88 1 1 
L8 9 1 1 
L9 0 4 4 
L91 1 1 
L92 14 14 
L9 3 31 31 
L94 1 1 
L95 1 1 
L9 6 1 1 
SI 5 5 
53 3 3 
54 1 1 
58 2 1 6 9 
56 2 2 
57 1 1 
59 1 1 
512 3 3 
513 4 4 
Sll 2 2 
514 1 1 
517 1 1 
518 1 1 
519 10 2 12 
520 1 1 
Mix 4 1 3 1 1 10 
TOTAL 62 117 165 178 134 65 721 
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Table 12. Distribution of electropherotypes between 
July 1, 1985 and June 30, 1986. 
19 8 5 19^6 
Type Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 
LI 1 1 1 
L2 3 9 G 8 
SI 1 2 2 
L5* 3 10 2 2 
L7* 3 
L8 1 
S3 1 2 
*Electropherotype identified in more than one rotavirus 
season . 
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Table 13. Distribution of electropherotypes between 
July 1, 1986 and June 30, 1987. 
19136 1987 
Type JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN 
L10 4 2 5 2 6 6 4 1 1 
Lll 4 2 
L12 1 , 
L5* 10 23 20 
L7* 3 3 5 
S4 1 
L15 1 4 
L16 1 





*Electropherotype identified in more than one rotavirus 
season . 
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Table 14. Distribution of electropherotypes between 
July 1, 1987 and June 30, 1988. 
1987 1988 ‘ 
Type JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN 
L5* 5 9 30 60 27 1 1 1 
S7 1 
L2 5 4 1 1 
L2 6 3 1 
L2 7 3 
L39* 1 






L3 6 2 
L38* 1 
L37* 2 
*Electropherotype identified in more than one rotavirus 
season. 
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Table 15. Distribution of electropherotypes between 
July 1, 19 8 8 and June 30, 1989 . 
r9 8 8 19 8 9 
Type JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN 
L5* 1 4 5 3 13 13 4 1 
L37* 4 
L38* 2 1 
L39* 2 4 6 3 
S8* 1 2 1 2 
L55 1 
L4 2 13 3 2 
L44 3 1 1 0 2 
L4 5 3 2 
L53 2 1 1 
512 1 2 
L51 1 
L46* 1 1 
L61 1 
L49 1 1 
L57 1 2 
L47 1 1 3 1 1 
L50 1 1 
513 4 
L7* 4 2 2 
L62 1 











*Electropherotype identified in more than one rotavirus 
season. 
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Table 16. Distribution of electropherotypes between 
July 1, 1989 and June 30, 1990. 
1989 19T0 
Type JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUM 
L71* 2 2 2 4 11 1 
L72 6 
L74 1 
L75 8 6 9 11 2 1 
L7 6 1 
L77* 1 4 7 3 
L70* 1 1 3 1 1 1 
L63* 1 1 
517 1 
L78 1 2 2 
L46* 1 1 1 
L79 1 
L8 0 1 
LSI 2 
L83 2 
L8 6 2 
L84* 3 
L8 5 1 
518 1 





L9 0 4 
L91 1 
• Electropherotype identified in more than one rotavirus 
season . 
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3.5. Subgroup determination by ELISA 
The reactivity of the subgroup ELISA was evaluated 
against thirteen standard human and animal rotavirus 
strains and the results are shown in Table 17. All 
strains were correctly identified as either subgroup I 
(S2, RV5, SA11, NCDV and UK) or subgroup Wa, KU, 
RV4, K8, YO, Ito, RV3 and Hochi)• The assay was used to 
test the subgroup specificity of 8 0 5 Rotazyme II 
positive specimens from children with diarrhoea and 792 
(98.4%) were subgrouped into 56 (6.9%) subgroup I and 
736 (91.4%) subgroup II/ 12 samples (1.5%) did not 
react with either subgroup MAbs and therefore could not 
be subgrouped one sample (0.1%) reacted with both 
subgroup and subgroup II specific MAbs (Table 18). 
Of the 7 3 6 subgroup stains, 661 were long 
patterns, 9 were mixed long patterns and 66 were 
negative for rotavirus dsRNA. Of the 5 6 subgroup I 
isolates, 47 were short patterns, 3 were long patterns 
and 6 were negative for rotavirus RNA. The specimen 
which reacted with subgroup and II MAbs seemed to 
contain both subgroup I and strains since it showed a 
mixed RNA profile of short and long patterns (see Fig. 
4, Lane D) . Six subgroup I and sixty-six subgroup II 
specimens failed to exhibit a rotavirus RNA profile. 
This could be due to insufficient rotavirus dsRNA in 
the sample. 
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Table 17. Reactivity of subgroup I and specific 
MAbs in ELISA against selected human and animal 
rotavirus strains . 
O.D. at 405 nm with MAbs 
Strain 25560(SGI) 631/9(SGII) Subgroup 
S2 1.270 0.001 
RV5 >2.5 0.049 
SA11 2.450 0.010 
NCDV >2.5 0.049 
UK 1.876 0.035 
Wa 0.07 6 2.101 
KU 0.000 1.360 
RV4 0.149 1.508 
K8 0.173 1.900 II 
YO 0.015 >2.5 II 
to 0.021 1.703 
RV3 0.054 1.825 
Hochi 0.000 1.802 II 
SGI = subgroup I 
SGII subgroup II 
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Table 18. Relationship between subgroup and RNA 
migration pattern 
dsRNA migration Subgroup 
pattern I II I + II unreactivetotal 
Long 3 661 0 0 664 
Short 47 0 0 0 47 
Mixed 
Long 0 9 0 0 9 
Long + Short 0 0 1 0 1 
Negative 6 66 0 12 84 
Total 56 736 1 12 805 
Percentage 6.9 91.4 0.1 1.5 100 
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Subgroup strains wcnre consistently preponderant 
over subgroup in each epidemic year ranging from 82% 
to 96% of the specimens tested (Table 19) . Of the 12 
specimens failed to react with the subgroup monoclonal 
antibodies, 3 were collected in 1985/1986, 4 in 
1986/1987, 3 in 1987/1988 and 2 in 1988/1989 epidemic 
years. 
The monthly distribution of subgroup and II 
strains is presented in Fig 5. Both subgroup and 
subgroup strains were found to be circulating 
concurreiitly throughout the study period . Hov/ever 
subgroup strains v/ere detected with overwhelming 
predominance over subgroup strains in most of the 
months. None of the epidemic peaks was caused by 
subgroup rotavirus strain during the study period. 
3.6. Rotavirus serotypes by Fluorescent Foci 
Neutralization (FFN) 
One hundred and sixty—five rotavirus strains were 
examined by the fluorescence foci culture method. Sixty 
(36%) of these strains gave a sufficiently high titre of 
fluorescent foci to enable a neutralization test to be 
done. Thirty four were successfully serotyped into 2 7 
serotype 1, 3 serotype 2, 3 serotype 3 and one serotype 
4 (Table 20) . The serotype of the remaining 26 specimens 
could not be determined by this method due to either 
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Table 19. Subgroup distribution of rotaviruses obtained from children with 
diarrhoea by year. 
No. rotavirus No. tested No. of specimens (%) 
Time period positive SG-I SG-II SG-I+II Unreactive 
1985Jul-1986Jun 113 65 8(12) 53(82) 1(1) 3(5) 
1986Jul-1987Jun 215 156 5(3) 147(94) 0 4(3) 
1987Jul-1988Jun 186 169 3(2) 163(96) 0 3(2) 
1988Jul-1989Jun 225 200 23(12) 175(87) 0 2(1) 
1989Jul-1990Jun 215 147 15(10) 132(90) 0 0 
1990(Jul-Nov) 92 68 2(3) 66(97) 0 0 
Total 1046 805 56(7) 736(91) 1 12(1) 
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Figure 5. Monthly distribution of subgroup 1 and I 





























































































































































Tab 1 2 0 . V1 uorcic:en i: f ocus rgc'l11c 1: i.on 
n e u t r a 1 i z a t i o n t o s t 
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1
 • '•'• •“ ‘“ u • I -“- •• I -.. —..... . — • . — .. , . , . . . . - ,- . ,.„r„ r, 
A n t i. s e r a a g a i n s t 
Ascribcd 
Specimen Wa(1)a S2(2) Yo(3) Hochi(4) serotype 
Wa >102 4 0 b <160 3 2.0 160 1 
S2 160 5120 <160 160 2 
Yo <160 <160 5120 <160 3 
Hochi 160 <160 160 >10240 4 
1 5120 160 160 160 1 
2 2 560 160 160 <160 1 
3 10240 320 640 160 1 
4 160 2560 160 160 2 
5 5120 <160 <160 <160 1 
6 160 160 5120 <160 3 
7 10240 320 320 320 1 
8 320 640 5120 320 3 
9 1280 <160 <160 <160 1 
10 2560 <160 <160 <160 1 
11 2560 <160 160 160 1 
12 320 5120 160 320 2 
13 1024 0 160 320 320 1 
14 5120 160 160 320 1 
15 320 320 320 10240 4 
16 10240 320 320 320 1 
17 1280 <160 <160 160 1 
18 10240 640 640 320 1 
19 10240 320 640 320 1 
20 1280 <160 <160 160 1 
21 5120 160 3 20 160 1 
22 5120 <160 160 <160 1 
23 320 160 1280 <160 3 
2 4 320 2560 160 320 2 
25 2560 <160 160 160 1 
26 10240 160 320 320 1 
27 10240 <160 160 160 1 
28 5120 160 160 320 1 
29 1280 <160 <160 <160 1 
30 2560 160 320 320 1 
31 10240 320 640 320 1 
32 5120 320 320 320 1 
33 2560 320 320 320 1 
34 1280 <160 160 <160 1 
aNumbers in parentheses are human serotype designations. 
Neutralization titre is expressed as the reciprocal of 
the highest dilution giving 50% or more reduction in 
the number of fluorescent cells, as compared to virus 
control. 
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cross reactivity between ant i sera or lack of 
neutralization with any of the antibodies. 
3.7 Rotavirus Serotypes by ELISA 
The results of serotyping eleven rotavirus standard 
strains by ELISA using serotype 1 to 4 specific MAbs are 
shown in Table 21. These included 4 serotype 1 strains 
(Wa, KU, RV4 and K8), 2 serotype 2 strains (S2 and RV5), 
4 serotype 3 strains (YO, It ,RV3 and SA11) , and one 
serotype 4 strain (Hochi)• All the standard strains 
were correctly serotyped by this method. Furthermore 
complete agreement was obtained in 34 samples typable by 
the fluorescent foci neutralization test (Table 22). 
Twenty two specimens n n—typable by FFN were typed into 
12 serotype 1, 2 serotype 2, and 8 serotype 3 by ELISA. 
The frequency of rotavirus serotypes as studied by 
ELISA is shown in Table 23. Of the 558 specimens tested, 
367 (66%) v/ere serotyped into one of the four serotypes. 
181 (49%) of these strains v/ere identified as serotype 
1, 17(5%) as serotype 2, 15 8(43%) as serotype 3 and 
11(3%) as serotype 4. 181 (32%) specimens did not react 
with the VP7 specific cross-reacting monoclonal antibody 
60 and ten (2%) reacted with monoclonal antibody 60 but 
failed to react with any of the serotype 1 2-, 3— or 
4 specific monoclonal antibodies. Two subgroup 
specimens, one with serotype 1 specificity and the other 
with serotype 3 specificity were identified. All 
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Table 21. Reactivity of specific serotype MAbs iri 
ELISA against selected rotavirus strains 
D at 405 nm with the following MAbs 
Strains 60a 5E8(1)b 2F1(2) 159 (3) ST3(4) 
Wa(1) 1.580 1.272 0.000 0.020 0. 005 
KU(1) 0.980 1.643 0.000 0.000 0.000 
RV4 (1) 1.005 1.192 0.005 0.000 0 . 000 
K8 (1) 1.402 0.979 0.020 0.001 0 . 000 
S2 (2) 0.900 0.002 0.810 0.000 0. 001 
RV5(2) 1.253 0.000 1.150 0.000 0.010 
YO(3) 2.305 0.010 0.010 1.750 0.050 
to(3) 0.943 0.020 0.000 0.529 0 . 000 
RV3 (3) 0.865 0.000 0 . 050 0.960 0.030 
SA11 (3) 1.203 0.000 0.010 0.821 0 . 050 
Hochi(4) 1.045 0.050 0.060 0.070 1. 150 
aMAB 60 is included in the assay to detect the presence 
of VP7 antigen in the specimens. 
Numbers in parentheses are rotavirus serotype 
designations . 
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Table 2 2 . Comparison of FFN and ELISA for rotavirus 
serotyping 
Serotype by ELISA 
1 2 3 4 UT Total 
1 27 0 0 27 , 
2 0 3 0 0 0 3 
Serotype 3 0 0 3 0 0 3 
by FFN 
4 0 0 0 1 0 1 
ND 12 2 8 0 4 2 6 
Total 39 5 11 1 4 60 
UT = Specimen was not reactive against MAb 60 
IND Specimen with indeterminate result. 
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serotypable subgroup II specimens v/ere iclont.ii iecl ar; 
serotype 1, 3 or 4 (Table 23). 
3.8. Rotavirus serotypes as determined by 
oligonucleotide probes 
3.8.1. Dot hybridization 
The specificity of the oligonucleotide probes was 
established by using nine human and 2 animal rotavirus 
strains. As shown in Figure 6, all the standard human 
strains hybridized v/ith the corresponding serotype-
specific oligonucleotide probes and no significant 
cross—hybridization v/as observed between different 
serotypes or with the animal strains. 
The results of the dot hybridization for the 
serotyping of rotavirus—positive stool specimens are 
shown in Table 24 . Of the 4 7 0 spocimens examined for 
hybridization with oligonucleotides, 2 17 (46%) 
hybridized with the oligo-1 (serotype 1), 26 (6%) v/ith 
the oligo — 2 (serotype 2), 12(3%) v/ith the o ligo-3 
(serotype 3), 16 (3%) v/ith the oligo—4 (serotype 4) and 
19 9 (42%) hybridized with none of the four 
oligonucleotides. Examples of the dot hybridization for 
serotyping clinical specimens are shown in Fig. 7. Of 
the 199 strains which did not hybridize with any of the 
four probes, 16 5 (83%) belonged to a single 
electropherotype (L5). 
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Table 23. Direct serotyping of stool specimens by ELISA 
No. of specimens No. 
No. with serotype undetermined 
Subgroup tested 
1 2 3 4 VP'7-ve VP7+ve 
I 39 1 17 1 0 15 5 ... 
II 518 180 0 157 11 165 5 
I + II 1 0 0 0 0 1 0 
Total 558 181 17 158 11 181 10 
VP7-ve = specimen negative for VP7 protein as determined by MAb 60 
VP7+ve = specimen positive for VP7 protein as determined by MAb 60 
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Figure 6. Dot hybridization of eleven standard 
rotavirus RNAs. Rotavirus clsRNA (approximately 50 ng) 
extracted from MA 104 cells infected with standard 
strains Wa, Ku, K8, RV4, RV5, S2, It , YO, Hochi, OSU 
and Uk were clotted in cluplicatc onto 4 nylon membranes 
(A to D) using a filtration manifold (Bio-Dot 
microf iltration apparatus, Bio-Rad) and hybridized v;ith 
four oligonucleotide probes specific for rotavirus 
serotype 1 (oligo-1) , serotype 2 (oligo-2) , serotype 3 
(ol igo-3) and serotype 4 (ol igo-4) v/hich were label led 
at the 3' end v/ith P ddAMP. The human rotavirus 
strains hybridized with the appropriate serotype-




Strain Serotype Oligo-1 01igo-2 01igo-3 Oligo-4 
K u 1
 • • 




S2 2 • • 
1 0 3
 • 
Y 0 3 
HOCHI 4 • 
OSU 5 
UK 6 
A B C D 
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Table 2 4. Serotype specificity of rotavirus 
electropherotypes determined by oligonucleotide probe 
hybridization 
No. of specimens with serotype 
No. No. 
Type detected tested ~ 2 3 4 unreactive 
LI 3 3 3 0 0 0 0 
L2 26 19 19 0 0 0 0 
L5 248 165 0 0 0 0 165 
L7 22 15 15 0 0 0 0 
L8 1 0 0 0 0 0 0 
L10 31 25 25 0 0 0 0 
Lll 6 4 4 0 0 0 0 
L12 1 1 0 0 1 0 0 
L15 5 3 0 0 0 0 3 
L16 1 1 0 0 0 0 1 
L18 1 0 0 0 0 0 0 
L19 1 0 0 0 0 0 0 
L2 0 1 0 0 0 0 0 0 
L2 5 6 5 0 0 5 0 0 
L2 6 4 2 0 0 0 0 2 
L27 3 2 0 0 0 0 2 
L3 9 16 14 14 0 0 0 0 
L2 9 6 4 0 0 0 0 4 
L31 1 0 0 0 0 0 0 
L3 2 1 1 0 0 0 1 0 
L34 1 1 0 0 0 0 1 
L3 6 2 0 0 0 0 0 0 
L37 6 6 0 0 6 0 0 
L3 8 4 1 1 0 0 0 0 
L55 1 0 0 0 0 0 0 
L44 16 7 0 0 0 0 7 
L4 2 18 14 14 0 0 0 0 
L45 5 5 5 0 0 0 0 
L53 4 4 0 0 0 0 4 
L51 1 1 1 0 0 0 0 
L4 6 5 2 2 0 0 0 0 
L61 1 1 1 0 0 0 0 
L49 2 1 1 0 0 0 0 
L57 3 0 0 0 0 0 0 
L47 7 3 3 0 0 0 0 
L50 2 0 0 0 0 0 0 
L62 1 1 0 0 0 0 1 
L63 13 11 11 0 0 0 0 
L58 1 0 0 0 0 0 0 
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Table 2 4 (continued) 
No. of specimens with serotype 
No. No. 
Type detected tested 1 2 3 4 unreactive 
L54 1 1 ~ 0 0 0 0 l 
L60 1 0 0 0 0 0 0 
L66 2 0 0 0 0 0 0 
L64 3 1 1 0 0 0 0 
L7 0 10 9 9 0 0 0 0 
L71 23 10 10 0 0 0 0 
L7 2 6 6 6 0 0 0 0 
L74 1 1 1 0 0 0 0 
L7 5 37 17 17 0 0 0 0 
L7 6 1 0 0 0 0 0 0 
L77 16 14 14 0 0 0 0 
L7 8 5 2 2 0 0 0 0 
L79 1 0 0 0 0 0 0 
L80 1 1 1 0 0 0 0 
L81 2 2 2 0 0 0 0 
L8 6 2 2 2 0 0 0 0 
L8 3 2 2 0 0 0 0 2 
L8 4 16 3 3 0 0 0 0 
L8 5 1 0 0 0 0 0 0 
L87 1 1 1 0 0 0 0 
L88 1 1 1 0 0 0 0 
L89 1 1 1 0 0 0 0 
L90 4 0 0 0 0 0 0 
L91 1 0 0 0 0 0 0 
L92 14 14 0 0 0 14 0 
L9 3 31 24 24 0 0 0 0 
L94 1 1 0 0 0 1 0 
L95 1 1 0 0 0 0 1 
L96 1 1 1 0 0 0 0 
MIX 10 1 1 0 0 0 0 
SI 5 5 0 5 0 0 0 
53 3 1 0 0 0 0 1 
54 1 0 0 0 0 0 0 
56 2 1 1 0 0 0 0 
57 1 1 0 1 0 0 0 
58 9 6 0 6 0 0 0 
59 1 0 0 0 0 0 0 
511 2 2 0 0 0 0 2 
512 3 2 0 2 0 0 0 
513 4 4 0 4 0 0 0 
514 1 1 0 0 0 0 1 
517 1 0 0 0 0 0 0 
518 1 1 0 0 0 0 1 
519 12 7 0 7 0 0 0 
520 1 1 0 1 0 0 0 
Total 721 470 217 26 12 16 199 
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Figure 7 Dot hybridization for serotyping clinical 
specimens;. dsRNAs obtained from 32 stool specimens from 
children with diarrhoea were dotted in quadruplicate 
membranes, which v/ere hybridized to probes prepared from 
o1igo-1 (serotype 1) , o1i g o- 2 ( serotype 2), oligo — 3 
(serotype 3) and ol go — 4 (serotype 4). The serotype for 




| P R O B E 
— • • • • • • • • • • oiigo-l 
- • _ _ • / … • 
— — … . — — . .
 ligo_2 
— — 01igo-3 
_ : / 
_ • ^^ . ~ : - - — — Oligo—4 
1 2 3 4 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 4 4 1 2 2 2 3 3 2 2 1 
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The results of serotyping r o t a v r u s — p o s i t i va 
specimens by ELISA with serotype-specific monoclonal 
antibodies and by dot hybiridizeition assay with VP7 -
specific oligonucleotides probes are shown in Table 25. 
There was a complete correlation between the two methods 
in serotyping 189 isolates ( 156 serotype 1, 15 serotype 
2, 7 serotype 3 and 11 serotype 4). 14 6 specimens which 
could not be identified by the dot hybridization v/ere 
typed with monoclonal antibodies into 9 serotype 1, and 
137 serotype 3. On the other hand, 8 2 specimens could 
not be identified with monoclonal antibodies but were 
serotyped by dot hybridization into 5 9 serotype 1, 9 
serotype 2, 5 serotype 3, and 5 serotype 4. 
3.8.2. Northern blots of electrophoresed rotavirus ds 
RNAs 
To determine the potentia1 hybridization of the 
probes to other than the VP7 gene segment, specimens 
positive in the dot hybridization assay v/ere tested 
against the four oligonucleotide probes after 
electrophoretic separation and blotting as described 
above. The results of the northern blot hybridization 
of the standard rotavirus strains are showed in Fig. 8. 
Similar experiments were carried out on stool specimens 
representing serotype 1, 2, 3 or 4. Examples of serotype 
1 and 2 specimens hybridized to the corresponding 
oligonucleotide probes are illustrated in Fig. 9. In 
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Table 25. Comparison of ELISA and oligonucleotide 
probes for serotyping of human rotaviruses in stool 
specimens 
EIA Serotypes 
Probes 1 2 3 4 UT NT Total 
01igo-l 156 0 0 0 59 2 217 
lig 2 0 15 0 0 9 2 26 
Oligo-3 0 0 7 0 5 0 12 
Oligo-4 0 0 0 11 5 0 16 
Unreactive 9 0 137 4 9 4 199 
Not done 16 2 14 0 54 2 88 
Total 181 17 158 11 181 10 558 
UT== Specimen v/as not reactive against MAb 60 
NT Specimen was reactive against MAb 6 0 but not 
rotavirus serotype 1 to 4. 
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Figure 8. Northern blot hybridization of dsRNA obtained 
from eight standard strains: RV4, I<8, KU and Wa 
(serotype 1) S2 (serotype 2) YO and Ito (serotype 3) 
and Hochi (serotype 4) . The RNAs v/ere electrophoresed 
in 1.2% agarose gels, blotted as described in the text 
to obtain four blots and hybridized to oligo-1, oligo-2, 
oligo-3 and oligo-4 probes respectively. 
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Figure 10. 
K8 Hochl Yo Wa K8 Hochl Yo Wa 
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Figure 9. Northern blot hybridization of dsRNA obtained 
from stool specimens shown to be positive in the dot 
assay. The RNAs v/ere electrophoresed in 1.2% agarose 
gels, blotted as described in the text to obtain 
f our blots and hybridized to oligo —1, oligo — 2, 
oligo — 3 and oligo — 4 probes respectively . 
Top. (Left) UV — light photograph of a gel after 
ethidium bromide staining. The gel contains RNA from 
five serotype 1 strains (L7, L3 9 , S 6 , L4 2 and L6 3 ). 
Wa (serotype 1) and SU (serotype 5) . v/ere included 
as positive and negative controls respectively. 
(Right) Autoradiogram of the membrane hybridized with 
oligo-l. 
Bottom. (Left) UV-light photograph of a gel 
containing serotype 2 strains (SI, S7, S8, S19, S12 
and S13) . S2 v/as included as a positive control. 
(Right) Autoradiogram of the membrane hybridized with 
oligo-2. Hybridization signals of the two membranes 
were obtained at the position corresponding to the 7-
8-9 gene complexes. 
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gach case , one of the probes corresponcling to the 
serotype of the isolates hybridized to the blotted RNA 
in the area corresponding to segments 7, 8, and 9, which 
cannot be separated in these gels. 
3.9. Temporal distribution of rotavirus serotypes 
The distribution of rotavirus serotypes as 
determined by ELISA and/ or dot hybridization assay in 
each epidemic year is summarized in Table 26. Of the 
4 4 9 serotyped specimens, serotype 1 rotavirus v/as 
detected most frequently (242, 54%) , follov/ed in 
frequency by serotype 3 ( 163, 36%), serotype 2 (28, 6%), 
and serotype 4 (16, 4%) . Hov/ever the relative 
frequencies of the serotypes varied from year to year. 
Serotype 1 rotaviruses predominated in most of the years 
(1985/1986, 1988/1989 and 1989/1990) and co-predominated 
with serotype 3 rotaviruses in the 198 6/1987 season. 
Serotype 3 was identified in a minor proportion of the 
cases during the 1985/1986 season and became a single 
ma j or serotype with overwhelming predominance in the 
1987/19 8 8 season. Serotype 2 was detected each year but 
was not a predominant type in any of the seasons. 
Serotype 4 was only detected once during the period from 
July 1985 to June 1990 but was commonly found in late 
1990. The monthly distrubition of rotavirus serotypes is 
shown in Fig. 10. 
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Table 26. Distribution of rotavirus se otypes obtained from children with diarrhoea in 6 
consecutive epidemics from 1985 to 1990. 
* 
No. positive No. tested by No. of specimen with the following serotype 
Time period by Rotazynie II ELISA (oligo) 1 2 3 A undetermined 
1985Jul-l9S6Jun 113 49(39) 24 5 9 0 11 
1986Jul-1987Jun 215 110(84) 39 1 36 0 34 
1987Jul-1988Jun 186 124(113) 3 1 86 1 33 
1988Jul-l989Jun 225 145(111) 75 11 31 0 28 
1989Jul-1990Jun 215 87(80) 75 8 1 0 3 
1990(Jul-Nov) 92 43(A3) 26 2 0 15 0 
Total 10A6 558(470) 242 28 163 16 109 
• Serotype speci f i ci t i es of rotavirus were determined by EL ISA and or by ol igonucleotide probes. 
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Figure 10. Monthly distribution of serotype 1, 2, 3 and 
4 human rotavirus during the study period. 
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Figure 10. 
No. of cases 
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3.10. Association between serotype, subgroup and RNA 
electropherotypes 
For 449 rotavirus isolates for which both serotypes 
and electropherotypes were available, a clear 
correlation was found between a given RNA pattern and a 
particular serotype (Table 27) . Each RNA pattern 
corresponded to one serotype. Serotype 1 strains showed 
a greater degree of genetic diversity than the other 
three serotypes. Thirty — five different patterns v/ith in 
serotype 1 strains, eight patterns within serotype 2 
strains, fourteen patterns within serotype 3 strains, 
and three patterns within serotype 4 strains were 
detected. Within each serotype one or several raa j or 
electropherotypes were identified. It is also noted 
that the relative migration of genome segments 7-9 can 
be used as the basic distinctive feature for serotype 1 
and 3 isolates. For serotype 1 strains with long 
migration patterns (34 different electropherotypes), 
segment 8 migrates either close to segment 7 or together 
with segment 7 and segment 9 migrates faster (Fig. 11). 
For serotype 3 strains (13 different electropherotypes), 
segments 8 and 9 comigrate either distinctively ahead of 
segment 7 or together with segment 7 (Fig. 12). 
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Table 27. Relationship between rotavirus subgroup, 
serotypes and electropherotypes. 
Subgroup Serotype 
No. 
Types Identified I II 1 2 3 4~" 
LI 3 3~ 3 
L2 26 26 19 
L7 22 22 15 
L10 31 31 25 
Lll 6 6 4 
L34 1 1 1 
L38 4 4 1 
L39 16 16 14 
L42 18 18 16 
L44 16 16 12 
L45 5 5 5 
L46 5 5 3 
L47 7 7 5 
L49 2 2 1 
L51 1 1 1 
L61 1 1 1 
L63 13 13 12 
L64 3 3 1 
L70 10 10 9 
L71 23 23 10 
L72 6 6 6 
L74 1 1 1 
L75 37 37 19 
L77 16 16 15 
L78 5 5 2 
L80 1 1 1 
L81 2 2 2 
L84 16 16 3 
L86 2 2 2 
L87 1 1 1 
L88 1 1 1 
L89 1 1 1 
L93 31 31 24 
L96 1 1 1 
56 2 2 1 
SI 5 5 5 
57 1 1 1 
58 9 9 6 
512 3 3 2 
513 4 4 4 
S17 1 1 1 
519 12 12 8 
520 1 1 1 
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Table 27 (continued). 
Subgroup Serotype 
No. 
Types Identified II ~~1 2 3 4~ 
L5 248 248 131 
L12 1 1 1 
L15 5 5 5 
L25 6 6 5 
L26 4 4 i 
L27 3 3 1 
L29 6 6 4 
L37 6 6 6 
L53 4 4 4 
L57 3 3 1 
L60 1 1 1 
L62 1 1 1 
L91 1 1 1 
S14 1 1 1 
L32 1 1 1 
L92 14 14 14 
L94 1 1 1 
Total 678 39 639 242 28 163 16 
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Figure 11. Thirty four different rotavirus serotype 
1 strains with long electropherotypes. Segment 8 either 
migrates close to segment 7 or comigrates with segment 7 




















































































































































































































































































































































































































































































































Figure 12 . Thirteen different rotavirus serotype 3 
strains with long electropherotypes. Segments 8 and 9 
coinigrate either distinctively ahead of segment 7 

























































































































































































































3.11 Unusual rotavirus strains 
Correlation of genomic RNA migration, subgroup and 
serotype specificities reveals five unusual rotavirus 
strains (Table 2 8). All of these strains belong to 
subgroup I. Three strains (L55, L58, and L7 6) were long 
patterns but serotype specificity of these strains was 
not determined due to insufficient samples. Strain S14 
shows a super-short migration of segment 10 (Fig. 3a) 
and was identified as serotype 3 by ELISA. Strain S6 
was identified as serotype 1 by ELISA and by 
oligonucleotide probes hybridization but exhibited a 
typical short migration pattern of RNA segments 10 and 
11 (Fig. 3a). 
3.12. Nosocomial rotavirus infection 
A nosocomial case of rotavirus infection is 
defined as a patient who has had a rotavirus positive 
stool collected 72 hours or more after admission or who 
had had a previous stool negative for rotavirus 
collected after admission. 81 (7.7%) of the 1046 
infected patients showed evidence of nosocomial 
infection (Table 29). In addition asymptomatic rotavirus 
infections were detected in 8 children during hospital 
screen for rotavirus carriers. Fifty-three (60%) of 
these patients were very young children (0-6 months 
old). Fourteen of these children ( patients 35, 36, 41, 
44, 45, 46, 47, 56, 64, 66, 69, 77, 84 and 85) were born 
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Table 2 8. Characteristics of unusual human rotavirus strains 
during the study period. 
Specimen Date of Electro- RNA Subgroup Serotype 
collection pherotype pattern EIA oligo 
1 Apr 1987 S6 short 1 1 
2 Dec 1988 L55 long I UT ND 
3 Jan 1989 L58 long I NT ND 
4 Feb 1989 S14 super-short I 3 0 
5 Oct 1989 L76 long ND ND 
UT = specimen was not reactive against MAb 60. 
NT = specimen was reactive against MAb 60 but not rotavirus 
serotype 1 to 4. 
ND = specimens were not examined due to insufficient sample. 
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Table 29. Nosocomial rotavirus infections identified at PWH during the study period 
Date of 
Rotavi rus 
Age detection Days after Electro-
Patient Sex (months) (MM/DD/YY) admission Diarrhoea pherotype Subgroup Serotype 
1 M 12 10/15/85 10 + 
2 F 36 11/11/85 9 + L2 11 1 
3 F 12 11/23/85 8 + L2 II 1 
4 F 1 12/02/85 24 + S1 I 2 
5 M 48 01/03/86 11 + 
6 M 12 01/06/86 10 + L2 II 1 
7 M 3 01/10/86 7 + 12 II 1 
8 M 3 01/17/86 16 + 
9 M 2 01/27/86 13 + 
10 M 0 02/12/86 11 + 
11 M 2 03/19/86 47 + 
12 F 6 04/09/86 31 + L5 II 3 
13 F 0 07/12/86 11 + 
14 F 8 08/12/86 5 + L10 II 1 
15 F 24 08/20/86 8 + 
16 M 3 09/11/86 35 + 
17 M 9 09/15/86 10 + L10 II 1 
18 M 8 09/15/86 5 + 
19 M 0 10/14/86 6 -
20 F 12 11/22/86 9 + L10 II 1 
21 F 2 11/25/86 13 + L10 II 1 
22 M 24 12/22/86 9 + II 
23 M 7 12/22/86 136 + 
24 F 3 12/27/86 74 + L5 II 3 
25 M 14 01/05/87 9 + L5 II 3 
26 M 2 01/26/87 19 + 
27 H 4 01/28/87 13 + L5 II UT 
28 M 2 02/20/87 8 + 17 II 1 
29 H 0 03/23/87 13 + 
30 F 15 03/23/87 9 + S8 I UT 
31 M 57 03/25/87 7 + S8 I 2 
32 M 10 04/23/87 8 + S6 I 1 
33 F 0 08/17/87 7 + 
34 H 8 09/17/87 4 + L5 II 3 
35 M 2 10/01/87 47 + L5 11 UT 
36 M 1 10/03/87 19 + L5 II UT 
37 M 6 11/23/87 1 73 + L25 II 3 
38 F 3 11/30/87 73 + L5 11 UT 
39 M 29 12/09/87 31 + L5 II 3 
40 M 23 12/15/87 6 + L5 11 UT 
41 M 0 01/25/88 14 + L29 11 3 
42 M 1 01/27/88 6 + L29 11 3 
43 F 1 01/28/88 33 • L29 11 3 
“ M 0 02/01/88 12 + L29 II 3 
45 M 0 02/04/88 9 - L29 II 
46 M 0 02/05/88 8 - L29 II 
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Table 29 (continued). 
Date of 
rotavirus 
Age detection Days af ter Electro-
Pat i ent Sex (months) (MM/DD/YY) admission Diarrhoea pherotype Subgroup Serotype 
47 M 1 03/05/88 38 + 
48 M 13 05/02/88 1 1 •»• L38 II 
49 F 7 07/04/88 34 + L37 I I 3 
50 F 16 12/20/88 130 + L53 II 3 
51 M 12 t2/24/88 16 + L45 II 1 
52 F 0 12/28/88 11 + 
53 F 24 01/03/89 330 + II 
54 M 63 01/12/89 18 + S13 I 2 
55 M 2 01/23/89 5 + 17 I I UT 
56 F 0 02/18/89 7 + L39 II 1 
57 M 0 02/25/89 3 -
58 F 5 03/01/89 7 + L7 II 1 
59 F 2 03/07/89 7 + I 
60 F 7 04/03/89 9 + L44 I I 1 
61 F 5 04/25/89 17 + L63 II 1 
62 M 6 04/27/89 5 + L63 I I 1 
63 F 10 05/17/89 259 + L63 II 1 
64 M 4 08/06/89 126 + L72 II 1 
65 M 3 10/20/89 33 + L75 I I 1 
66 F 8 12/09/89 237 + II 
67 M 0 12/18/89 3 -
68 F 0 01/08/90 19 + 
69 M 0 01/17/90 5 -
70 M 0 01/22/90 6 -
71 F 7 01/23/90 86 + 
72 M 1 02/10/90 40 -
73 M 4 02/14/90 7 + S18 I UT 
74 M 5 02/17/90 5 + II 
75 M 3 04/03/90 67 + S19 I 2 
76 F 9 05/04/90 76 + 
77 M 0 05/07/90 6 + S19 I 2 
78 F 3 05/10/90 90 + 
79 H 6 05/20/90 9 + 
80 M 12 06/11/90 11 + L91 II 3 
81 F 12 06/15/90 41 + L90 II 
82 F 7 09/14/90 7 + L92 11 4 
83 F 6 09/20/90 13 + 
84 F 2 10/12/90 43 + L93 11 1 
85 M 1 10/27/90 40 + L84 II 
86 M 7 10/29/90 194 + L93 11 1 
87 F 2 11/05/90 A4 + L93 II 
88 M 24 11/08/90 8 • L93 II 
89 M 2 11/15/90 7 + L92 11 4 
UT s specimen was unreactive against MAb 60 
• a diarrhoea present 
- a diarrhoea absent 
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in this hospital. Nosocomial infections occurred more 
frequently during epidemic periods in the community. 
Many of these children were shown to have rotavirus 
infection during nosocomial outbreaks, but the index 
case could not be traced easily. However in one 
outbreak which occurred on the special care baby unit 
(SCBU) in early 1988, the index case was clearly 
identified. During this outbreak, six patients were 
found to have nosocomial rotavirus infections (Table 28, 
patient nos 41, 42, 43, 44, 45 and 46) . Rotavirus was 
first detected in stools of patients, 41, 42, 4 3 and 44 
and a possible index case who had been admitted from 
home directly to the SCBU on the 2 0th January with a 
diagnosis of acute gastroenteritis. Patients 41, 44, 45 
and 46 were born in the hospital and transferred to the 
SCBU within 24 hours of birth rotavirus was 
subsequently identified in their stools collected 
between nine and fourteen days later. Two of these 
children (patients 41 and 46) had had previous stool 
specimens recorded as negative for rotavirus. Patient 
42 was admitted on the 21st of January with a diagnosis 
of necrotizing enterocolitis a stool specimen from 
this child, taken two days after admission, had been 
negative for rotavirus but a subsequent specimen 
collected four days later was positive. Patient 4 3 was 
admitted on the 26th December, 1987 because of multiple 
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congenital abnormalities a stool specimen collected 33 
days after admission was positive for rotavirus. All 
rotavirus strains identified in stools of these patients 
were found to belong to a single electropherotype 
designated L29 by polyacrylamide gel electrophoresis. 
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CHAPTER 4 DISCUSSION 
The epideiniology of rotavirus gastroenteritis was 
investigated from July 1985 to November 1990 in Hong 
Kong. Specimens from 4925 hospitalized children v/ith 
diarrhoea were examined and rotavirus gastroenteritis as 
determined by the Rotazyme ELISA was found to be 
present in 21.2% which is within the range of other 
previous hospital-based studies (De Zoysa and Feachem, 
1985) . Most of the diarrhoeal children were under 12 
months of age. The rate of rotavirus infection peaked at 
13 to 18 months of age and was low in diarrhoeal infants 
under 6 months old. This finding is consistent with the 
findings of others (Georges et al., 1984) . Passively 
acquired immunity against rotaviruses might be strong 
enough to protect infants under 6 month old for 
syiriptoinatic infections and then decline in older age 
groups. The ratio of male to female rotavirus infected 
children is 1.43 in this study, hov/ever there is no 
significant difference in the rates of detection (20.9% 
for male and 21.7% for female). 
4.1. Seasonal variation of rotavirus infection 
Several different epidemiological patterns of 
rotavirus infection have been described, and these vary 
with the nature of the community and the climate of the 
area studied. In general, studies in temperate climates 
have described a winter peak, whereas those in tropical 
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areas have described a more uniform distribution 
throughout the year (Kapikian and Chanock, 19 8 5; 
Paniker, Mathew and Mathan, 1982)• In this study it 
was found that rotavirus infections in Hong Kong, like 
western countries, are associated with a winter peak. 
During the peak of infection, approximately one-half of 
the diarrhoeal children were infected with rotaviruses 
in a given month. The association of a low temperature 
and high prevalence of rotavirus gastroenteritis has 
been demonstrated in a number of studies in temperate 
climates (Brandt et al . , 1979 ; Hieber et al •
 r 1978 ; 
Konno et al . , 1978 ; Lewis et al . , 1979 ; Middleton, 
Szvmanski and Petric, 1977 ) • In tropical areas, 
rotavirus infections are common all the year round, 
but seem to be more frequent during periods of low 
rainfall or low humidity and less frequent during 
periods of high rainfall, high humidity, or both (Black 
et al . , 1980 ; Hieber et al . , 1978 ; Paul and Erinle, 
1982) . In this study, there was a strong relationship 
between rotavirus gastroenteritis and low temperature, 
humidity and rainfall in the cooler months of the year. 
It has been hypothesized that lower temperature and 
relative humidity may facilitate rotavirus transmission 
(Brandt et al. , 1982) , perhaps by prolonging virus 
survival on fomites (Ansari et al. , 1988) . The low 
temperature in winter months encourages the family to 
stay indoors in a tightly closed residence where 
contaminated air might readily be breathed and 
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contaminated surfaces might readily be touched. Dry 
conditions would tend to encourage the formation of 
virus-laden dust from fecally contaminated diapers, 
bedding, and clothing. Also, small (dry) particles would 
tend to stay suspended in the air and thus reach a 
susceptible individual. 
4.2. Molecular epidemiology of rotavirus infection 
Gel electrophoresis of the RNA genome of rotavirus 
is a valuable tool for strain differentiation in 
epidemiological studies. Several studies conducted with 
this technique have yielded important information on the 
molecular epidemiology of rotavirus infection in 
different settings (Estes, Graham and Dimitrov, 1984; 
Gomez et al. , 1986) . In the present study, rotavirus 
RNAs were visualized in 7 21 of 8 0 5 specimens from 
children with diarrhoea. Two distinct RNA migration 
patterns, short and long, were identified on the basis 
of the relative mobility of the tenth and eleventh gene 
segments (Kalica et al, 1981a). However extensive 
genetic variations were observed among the isolates 
sixty-eight long and sixteen short “different 
electropherotypes were detected over a 5 year-period. 
Many of these were infrequently detected and were 
restricted to single epidemics (Table 10). One or a few 
electropherotypes were predominant during each epidemic 
with other elctropherotypes appearing concomitantly at 
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low frequencies. The observation of a single predominant 
electropherotype in a given rotavirus epidemic is 
consistent with the findings in similar studies carried 
out elsewhere (Konno et al. , 19 84; Schnagl, Rodger and 
Holmes, 1981; Sethi et al., 1988). 
Rotavirus strain L5 predominated in two consecutive 
epidemics ( 19 8 6 to 19 8 8) and then subsided in the 
following year. Previous studies have shown that a 
single distinct electropherotype can predominate in a 
community through successive years (Rodger et al., 19 81; 
Schnagl, Rodger and Holmes, 1981). I also confirm a 
previous statement (Steele and Alexander, 1987) that a 
strain may be detected infrequently during one season 
but become the predominant strain in the next (e.g. L5), 
or it may become the predominant strain without having 
being detected previously (e.g. L75 and L93) . Short 
electropherotypes were demonstrated in every rotavirus 
outbreak in this study, but the total incidence was much 
lower than that of long electropherotypes, as has been 
observed generally (Georges-Courbot et al. , 1988; Sethi 
et al . , 1988; White et al. , 1984) . An epidemic of 
rotavirus gastroenteritis caused by a single short 
electropherotype in Papua, New Guinea, has been reported 
(Albert, Bishop and Shann, 1983) • However in this study 
the short electropherotypes never became predominant. 
The sequential appearance of electropherotypes during 
this study illustrated the rapid change in the local 
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population of rotaviruses, suggesting progressive 
alteration of the viral genome within the community. 
Possible mechanisms include modification of the 
viral genome and generation of genetic diversity through 
genomic reassortment in vivo (Desselberger, 1988). Mixed 
infections by different types of rotaviruses are a 
prerequisite for the latter mechanism, and such 
infections were indeed observed in my study. Specimens 
from ten patients revealed more than 11 genome segments 
(Fig. 4), suggesting simultaneous infection by more than 
one strain. Several studies have reported the presence 
of mixed rotavirus electropherotypes in patients with 
diarrhoea (Lourenco et al • , 19 81; Rodger et al. , 1981; 
Spencer, Avendano and Garcia, 198 3) . A high human 
population density like that of Hong Kong and a large 
group of susceptible individuals may facilitate 
transmission of rotaviruses and provide ample 
opportunities for mixed infections of different 
rotavirus strains. It has been reported recently that 
rotaviruses do not significantly exclude superinfecting 
viruses during asynchronous infections in vitro (Ramig, 
1990). With the possibility of superinfection, 
rotaviruses would have an advantage over viruses 
exhibiting the exclusion phenotype since there would be 
more time for individual cells to become infected with 
more than one rotavirus strain. 
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As to the temporal distribution of RIJ A 
electropherotypes, my results support the observation of 
Konno et al (1984) that a few, if not single, strains of 
dominant electropherotypes appeared at the beginning of 
an epidemic and a wide variety of electropherotypes were 
seen thereafter. The significance of this genetic 
variation is not completely understood, but it is likely 
that certain nucleic acid sequence variations may lead 
to antigenic differences. 
4.3. Subgrouping of human rotavirus strains 
For several years, subgroup specificity of HRV 
strains has been found by polyacrylamide gel 
electrophoresis analysis of viral genomic RNA to be 
associated v/ith distinctive patterns. Short and long RNA 
electropherotypes are, in uost instances, correlated 
with subgroups and respectively (Aboudy et al., 
1988 Kalica el al., 1981a; Kutsuzawa et al . , 1982 ; 
Nakagomi e al . , 1988 Sethi e al . , 1988 Steele and 
Alexander, 19 8 8 ; Svensson et al , , 1986; White et al., 
1984). However, such apparent correlation between RNA 
electropherotypes and subgroups has no genetic basis 
because the maj or subgroup antigen (VP6) is encoded by 
the sixth gene segment (Greenberg e al. , 1983a) . In 
contrast, the short or long RNA pattern is associated 
with the mobility of RNA segment 11. Apparent 
cosegregation between RNA segements 6 and 11 exists 
among most HRV strains, but the molecular basis for this 
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cosegregation is unknown. Recently subgroup I and 
specific monoclonal antibodies have been developed and 
widely used in subgrouping field isolates by ELISA 
(Singh et al. , 1983 ; Taniguchi et al. , 1984) . In this 
study, I developed an ELISA by using subgroup I 
specific MAb (255/60) and subgroup II specific MAb 
(631/9) as detecting antibodies to subgroup 805 Rotazyme 
II positive specimens from 1046 children with diarrhoea. 
793 (98.5%) of the rotavirus strains could be 
subgrouped, 7% were subgroup and 93% were subgroup II-
These results correlate with those reported for other 
parts of the world, in that there was a greater 
preponderance of subgroup II than of subgroup Naguib 
et al., 1984 Nakagomi et al., 1985; White et al., 1984/ 
Yolken et al. , 1978b) . Ten specimens (1%) did not 
react with the subgroup MAbs, this may be due to the 
degradation of subgroup antigen during storage or false 
positive results of the Rotazyme II assay. Rotavirus 
RNAs were visualized in 50 subgroup and 670 subgroup 
specimens. All but three subgroup strains 
exhibited short pattern and all subgroup II strains 
exhibiting long pattern electropherograms. These 
findings also show that subgroup specificity always 
correlated with the viral RNA patterns of short and long 
electropherotypes• 
4.4. Serotyping rotaviruses by ELISA 
Studies on the epidemiology of rotavirus have been 
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limited by the lack of information about the serotype 
specificity of the strains identified in the field. 
Difficulties in propagation of human rotaviruses have 
made it impossible to analyse large numbers of field 
strains to determine the relative frequency and the 
epidemiological features of infection with each 
serotype. Serotyping either by immunoflorescent focus 
neutralization with hyperimmune sera (Beards et al., 
198 0; Beards and Flewett, 1984) or by plaque reduction 
assay (Wyatt et al. , 1982) is still limited, and 
suitable only for cultivable virus strains. Using 
hyperimmune antisera, numerous cross-reactions between 
serotypes have been observed that are predominantly 
related to the sharing of VP4 among different serotypes 
(Hoshino et al., 1985a). 
Recently, with the successful production of anti-
VP? monoclonal antibodies (Coulson et al., 198 6; Heath, 
Birch and Gust, 198 6; Gerna et al. , 1988c; Nakagomi et 
al., 1988; Taniguchi, Urasawa and Urasawa, 1985), large 
scale epidemiological surveys have been conducted to 
examine the importance of individual rotavirus serotypes 
by ELISA (Birch, Heath and Gust, 1988; Coulson, 1987 ; 
Gerna et al., 1988a; Liu et al., 1987 Taniguchi et al., 
1987b)• Characterization of naturally occurring human 
isolates indicates that there are six human rotavirus 
serotypes (type 1, 2, 3, 4, 8 and 9), four of which 
(serotypes 1 to 4) are widespread (Gerna et al. , 198 4; 
148 
Wyatt et al. , 1983) . The epidemiological importance of 
serotypes 8 and 9 is not known (Clark et al. , 1987; 
Matsuno et al. , 1985) . In this study, monoclonal 
antibodies specific for the VP7 of serotypes 1, 2, 3, 
and 4 were used as detecting antibodies in a sandwich 
enzyme-linked immunosorbent assay to serotype 
rotaviruses directly in stool samples. The antibodies 
have been proved to react specifically with serotype 1 
to 4 rotavirus respectively. The ELISA-serotyping method 
permitted the specific assignment of a single serotype 
in 367 of 558 specimens tested (66%)• These included 181 
serotype 1, 17 serotype 2, 158 serotype 3 and 11 
serotype 4. Serotyping of such numbers of rotavirus 
strains directly in stool samples using standard 
neutalization assays would not be feasible. 
The serotyping rates using VP7 MAbs have varied 
from 27 percent to 7 8 percent among samples collected in 
various studies (Bishop, Unicomb and Barnes, 1991; Brown 
et al. , 1988; Flores et al. , 1988; Taniguchi et al., 
1987b)• In the present study the overall serotype 
determination rate by ELISA of 66% is similar to that 
noted by other workers (Bishop et al., 1989; Coulson et 
al., 1987b; Gerna et al., 1988a; Padilla-Noriega et al., 
1990; Taniguchi et al. , 1987b; Urasawa et al., 1989). 
Most of the nonserotypable specimens ( 181 of 191, or 
95%) did not react with monoclonal antibody 60, a VP7-
cross-reactive antibody, indicating that VP7 antigen was 
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absent or present in undetectable level. This finding 
suggests that the virus particles may have degraded 
under the conditions of storage. It is therefore 
necessary to do the serotyping assay shortly after 
collection to ensure a high percentage of successful 
typing results. Ten samples reacted with the MAB 60 but 
did not react with any of the serotype-specific MABs. 
This finding strongly suggests that rotavirus strains 
which did not belong to serotypes 1 to 4 were present. 
Alternatively, these strains may have been antigenic 
variants (Lazdins et al., 1985) or 'monotypes' (Coulson 
et al. , 1987a) that is, they may have been serotype 1 
to 4 rotaviruses, but failed to react with the 
particular monoclonal antibodies used in this study. The 
resolution of these alternative explanations requires 
the use of a wider range of monoclonal antibodies 
directed at different epitopes of the VP7 protein in the 
serotyping assays. 
4,5. Serotyping rotaviruses by oligonucleotide probe 
hybridization 
In the course of this study I have also developed a 
dot hybridization assay as an alternative approach to 
investigate the serotype specificity of the rotavirus 
isolates. In this assay, four oligonucleotides with 
sequences corresponding to the VP7 genes between 
nucleotide 315 and 339 of serotype 1(D), serotype 2 (DS-
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1), serotype 3 (P) and serotype 4(ST-3) strains were 
used as probes. The probes reacted with the region 
corresponding to the 7-8-9 gene segments of the 
rotavirus strains as shown by the northern blot analysis 
(Figs. 8 and 9). Eighty-two specimens which failed to be 
recognised by the monoclonal antibodies in the ELISA 
reacted with oligo-1 ( 61 specimens), oligo-2 (11 
specimens) , oligo-3 (5 specimens) and oligo-4 (5 
specimens) . These consisted of seventy-eight VP7 
negative and 4 VP7 positive specimens. These findings 
indicate that the oligonucleotide probe hybridization 
assay has the potential to recognise monotypes, ie. 
antigenic variants of a serotype which exhibit minor 
sequence divergences (Gerna et al., 1988b), and identify 
the serotype in specimens in which viruses lack the 
outer caps id . 
On the other hand, 146 specimens ( 9 serotype 1 
and 137 serotype 3) recognised by monoclonal antibodies 
failed to react with any of the oligonucleotide probes 
in the dot hybridization assay. 165 of 199 (83%) strains 
unreactive in the oligonucleotide probes hybridization 
assay belong to a single electropherotype L5. These 
result strongly suggest that a wider range of 
oligonucleotide probes derived from various 
immunodominant sites of VP7 should be included in order 
to increase the sensitivity of the assay. 
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4.6. Advantage and disadvantage of different methods 
for serotyping of rotaviruses. 
The conventional neutralization assays, eg. 
fluorescent foci neutralization, plaque reduction 
neutralization, are standard methods to define serotype 
specificities of rotavirus. However these techniques 
require successful cultivation of the rotavirus strain 
in cell culture. Because most of the wild human 
rotavirus strains do not grow well in any of the cell 
culture systems, the use of these techniques for routine 
serotyping of rotaviruses is limited. In addition, when 
hyperimmune antisera are employed in the neutralization 
assays, cross reactivities due to VP4, an independent 
neutralization antigen, are not uncommon. 
Serotyping by monoclonal antibody-based enzyme 
immunoassay appears to be the most efficient method on 
fresh stool samples and is the method of choice for 
routine application in large scale epidemiological 
studies. However this technique requires the 
availability of serotype-specific monoclonal antibodies 
which are difficult to produce. The oligonucleotide 
probe hybridization method represents an alternative and 
complementary approach to current methods. It has the 
potential of recognizing subtypes, i.e antigenic 
variants of a serotype (Gerna et al., 1988b) . This 
technique is good for fresh as well as stored stool 
samples lacking the outer capsid proteins. The 
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samples lacking the outer caps id proteins. The 
oligonucleotide probes can be synthesized easily with 
relatively low cost. Finally the oligonucleotide probe 
hybridization assay is highly versatile and can be 
applied to study any new rotavirus serotype once the 
sequence is known. 
4.7. Distribution of rotavirus serotypes 
With the aid of serotype specific monoclonal 
antibodies and oligonucleotide probes it was possible to 
assign 449 of 558 (81%) rotavirus strains to a single 
serotype. Serotype 1 rotaviruses were the most commonly 
detected, accounting for 54% of the isolates. Serotype 3 
v/as second in frequency (36%) , Serotype 2 and 4 v/ere 
detected in 6% and 4% of the isolates respectively. The 
epidemiological features of the rotavirus infections in 
Hong Kong appear similar to those observed in other 
countries, in which serotype 1 strains v/ere most 
frequent follov/ed by serotypes 3 and 2. Serotype 4 was 
least frequent. Considerable variation in relative 
frequency of circulating serotypes was observed during 
the study period. Serotype 1 rotaviruses predominated 
in the years 1985/1986 and 1986/1987, were rarely 
detected in the year of 1987/1988 but reappeared as the 
predominant type throughout the rest of the study 
period. However the electropherotypes of the 
predominating serotype 1 strains in each of these 
rotavirus seasons were different. For example, L2 was 
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prevalent in 1985/1986, L7 and L10 in 1986/1987, L3 9, 
L44, L42 and L63 in 1988/1989, L71, L7 5, and L7 7 in 
1989/1990. Serotype 3 of a single electropherotype (L5) 
predominated in the years 1986/1987 and 1987/1988. 
The results of this study reveal cyclic changes of 
predominance of serotypes 1 and 3 among children v/ith 
rotavirus gastroenteritis . The cyclic nature of 
rotavirus epidemics with alternating serotypes 
predominating at different seasons has been described in 
various countries (Birch, Heath and Gust 19 8 8 ; Bishop, 
Unicomb and Barnes, 19 91; Georges-Courbot et al. , 19 8 8 ; 
Nakagomi et al . , 19 8 8 ; Pongsuwanne et al . , 1989 ; 
Urasav/a et al . , 1989) . The shifts in rotavirus serotypes 
may reflect a change in the immunity of the population 
at risk. It has been hypothesized that, despite the 
existence of different rotavirus serotypes, children 
develop protective heterotypic immunity following their 
first infection, which will prevent severe illness from 
subsequent infections with similar or different 
serotypes (Edelman 1987) . Bishop and her colleagues 
(19 8 3) have shown that newborn infants experiencing 
rotavirus infections developed relatively mild disease 
when infected by rotaviruses at an older age. At first 
glance, these results appear to support this concept 
because over 5 years no child with two rotaviruses 
infections requiring hospitalization was admitted to the 
Prince of Wales Hospital. While this may be true, 
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continuous monitoring of cohorts of children over 
several years will be required to ascertain whether 
heterotypic immunity plays a role in protection in the 
natural environment. 
Serotype 1 rotavirus was predominant in Hong Kong. 
The high prevalence of serotype 1 strains with multiple 
electropherotypes might reflect its prevalence in the 
population, as suggested by Konno et al (1984). Also 
type 1 viruses may differ from type 2, 3 and 4 viruses 
in their ability to persist in a population with 
heterogenous virus exposure. These results suggest that 
type 1 viruses may be more diverse than viruses of other 
types, a possibility supported by the finding o f 
multiple type 1 monotypes in a single region in a single 
season (Coulson 1987), by the switch of type 1 strains 
between years in a single region noted in the present 
study and by the predominance of type 1 in most regions 
studied (Beards 19 8 7 / Bishop, Unicomb and Barnes, 1991; 
Burns et al., 19 8 8; Georges-Courbot et al., 1988; Gerna 
et al. , 19 9 0; Nakagomi et al. , 1988 Padi1la-Noriega et 
al. , 1990; Urasawa et al . , 1989) . Exploration of the 
sequence and antigenic diversity within type 1 VP7 and 
determination of the VP4 types (or other genes) 
associated with viruses with type 1 VP7 may help 
delineate what kinds of antigenic change permit a virus 
to escape immune protection. 
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4.8. Association between rotavirus serotype and 
electropherotype 
Although two rotavirus strains possessing identical 
RNA electropherotypes but different serotypes were 
reported previously (Beards 19 8 2; Georges-Coutbot et 
cil . , 19 8 8 ; Gerna et al . , 1987), recent epidemiological 
studies support the view that an association between 
electrophoretic patterns and antigenic characteristics 
might be shown for most of the rotavirus strains, 
particularly f or those obtained within certain 
geographical locations (Birch, Heath and Gust, 19 3 8; 
Coulson 1987, Follet et al . , 19 8 4 ; Georges — Courbot et 
al.
 f 19 8 8; Urasawa et al., 1987/ Zheng et al., 1989). In 
these studies, each RNA pattern corresponded to only one 
serotype, and in one study (Coulson 19 8 7) this 
correspondence could be observed down to the monotype 
(subtype) level. The present study, in which both 
electropherotype and serotype v/ere determined for 449 
specimens, showed that a given RNA electropherotype 
always corresponded to a particular serotype. Not only 
was there a correlation between serotype and 
electropherotype, but it was possible to identify 
specific RNA configurations associated with serotype 1 
and 3 (Figs. 11 and 12) and the relative migration of 
the gene segments 7-9 could be used to distinguish 
serotype 1 from serotype 3. The association of the 
triplet pattern and distinction of serotype 1 from 
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serotype 3 have been reported previously (Beards, 19 8 2 ; 
Georges-Courbot et al., 1988 ). However a more extensive 
comparison is required to test whether rotaviruses from 
widely separated times and geographical locations also 
show this correspondence. These results support the view 
that once the electropherotypes present each year in a 
given location have been determined, serotyping of 
limited numbers o f each electropherotype would be 
sufficient to ascertain the serotypes circulating in the 
population under study (Coulson et al . , 19 8 7b; Nakagomi 
et al., 1988). 
The presence of various electropherotypes within a 
given serotype indicates that rotavirus strains 
belonging to each of four serotypes are heterogeneous 
and genomic change may not result in a concurrent 
serotypic change. The genomic variability of rotaviruses 
in nature appears to result from both reassortment of 
viral genes and antigenic drift (Clark and McCrae, 19 8 2; 
Coulson et al . , 19 8 5; Schroeder et al. , 1982) . In this 
study, the same electropherotype appeared to be 
associated with a given serotype for a period of time. 
However, the chances of reassortment between 
cocirculating rotaviruses are high. Such reassortment 
would induce differences in RNA migration pattern, and 
may have been responsible f or the different 
electropherotypes observed within serotype 1 and 4. 
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4.9. Nosocomial rotavirus infection 
Nosocomial rotavirus infections are well documented 
and in this study, evidence of hospita1 — acquired 
infections was obtained in 81 symptomatic and 8 
asymptomatic children. This figure may be an 
underestimate because asymptomatic infections were only 
sought on several occasions during hospital outbreaks. 
In some studies, particular rotavirus strains associated 
with asymptomatic infections in newborn babies could be 
identified. It is thought that the strains involved may 
be naturally attenuated (Hosh ino et al . , 1985b). 
Furthermore it has been shown that gene 4 is responsible 
for rotavirus virulence (Off it et al . , 1986a) and that 
RNA homology of this gene is much higher among 
attenuated nursery strains of different serotypes than 
between virulent and attenuated strains of the same 
serotype (Flores et al . , 1986b) . Unfortunately, it was 
not possible to obtain sufficient materials from the 
asymptomatic children identified in this study f or 
further analysis such as electropherotyping, subgrouping 
or serotyping. 
The presence of maternal antibodies in the neonatal 
intestine may play a role in protection against the 
development of symptomatic rotavirus infection in the 
neonate. However further work is needed to determine the 
various host factors responsible for asymptomatic 
infection in neonates. 
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It may be difficult to trace the epidemiology of 
nosocomial rotavirus infection since many outbreaks will 
be due to the epidemic electropherotypes that are 
prevalent in the community. However, in the present 
study, the epidemiolgy of one of the nosocomial 
outbreaks involving six patients on the special care 
baby unit (table 28, patients 41, 42, 43, 44, 45 and 46) 
was easy to define because the infecting rotavirus 
strain was found to be an unusual electropherotype L29. 
Thus electropherotyping can be an extremely useful 
technique in detecting nosocomial outbreak and in 
tracing source of infection. Vial et a 1 ( 19 8 8 ) 
described a similar successful application of 
electropherotyping in a special ward for infants, 
toddlers and convalescent newborns. 
4.10. Unusual rotavirus strains 
The detection of rotavirus with unusual subgroup, 
serotype, and RNA profile associations has been 
described previously (Aboudy et al. , 19 8 8 ; Nakagomi et 
al. , 19 8 7 ; Nakagomi and Nakagomi, 1989 ; Unicomb and 
Bishop, 1989) . 39 subgroup rotaviruses with a long 
electropherotype among 78 samples of human rotaviruses 
were detected although the serotype specificities of 
these samples were not reported (Ghosh and Naik, 
19 8 9) . Two subgroup strains with a long 
electropherotype isolated in Japan have been shown to be 
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of serotype 3 (Nakagomi et al , , 19 8 7 ; Nakagoxni and 
Nakagomi, 1989) . In addition, subgroup ,serotype 2, 
strains and subgroup I, serotype 2, strains with a long 
pattern have been isolated (Ahmed et al. , 19 8 9 ; Beards, 
Desselberger and Flewett, 1989). Three strains with 
'super-short' electropherotypes (in which the 10th 
segment migrates more slowly than that of 'short' RNA 
pattern viruses) were isolated in Indonesia (Hasegav/a et 
al. , 1984 Albert, Unicomb and Bishop, 1987) and two of 
these strains (the 6 9 M and B 3 7 strains) v/ere 
subsequently classfiied as serotype 8, a new human 
serotype (Matsuno et al . , 19 8 5; Albert et al . , 1987). 
In this study, it v/as possible to identify five 
unusual rotavirus strains . These include three long 
pattern strains with subgroup specificity (L55, L58 
and L76) , one short pattern strain (S6) with subgroup I, 
serotype 1 specificity and one super-short strain (S14) 
with subgroup I, serotype 3 specificity. Unfortunately 
the serotype specificity of strains L55, L58 and L76 
could not be determined due to insufficient material 
present in the sample. 
Most animal rotavirus strains belong to subgroup 
and possess long RNA electropherotypes (Hoshino et al., 
1984) . Thus, subgroup rotavirus strains with a long 
electropherotype are likely to be animal rotaviruses. 
Rotavirus infections can cross species barriers. Human 
160 
rotaviruses can infect animals and induce diarrhoeal 
illnesses (Mebus et al. , 1976; Wyatt et al. , 1976) . On 
the other hand, animal rotaviruses such as the bovine 
NCDV and the rhesus RRV rotavirus strains can infect 
humans, as has been observed during studies involving 
volunteers and in field studies performed to evaluate 
the safety and efficacy of rotavirus vaccines (Kapikian 
et al., 19 8 5; Vesikari et al., 1984). 
Genetic analysis of a subgroup long RNA pattern 
human strain (AU-1 strain) indicated that this virus 
might be an animal rotavirus that infected a human 
(Nakagoini et al. , 1987) . In addition, under in vitro 
experimental conditions, RNA reassortment between tv/o 
different strains occurs with a relatively high 
frequency (Garbarg-Chenon, Bricout and Nicholas, 1986) 
and several genetic reassortants such as subgroup 
strain with long RNA pattern or subgroup II strain v/ith 
short RNA pattern have been obtained (Garbarg-Chenon, 
Biscout and Nicholas, 19 8 4 Urasawa, Urasawa and 
Taniguchi, 1986). Furthermore, production of 
reassortants in vivo was demonstrated by experimental 
mixed infection of mice with two simian rotaviruses, 
SA11 and RRV ( Gombold and Ramig, 1986) . Therefore, it 
might be considered that the unusual strains found in 
this study were derived from genetic reassortment in 
nature, although direct demonstration of the emergence 
of genetic reassortment in humans seems quite difficult. 
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It is of interest to explore the possibility of 
reassortment with animal rotaviruses because most animal 
strains bear subgroup specificity but long pattern. 
Whether these unusual strains were directly transmitted 
from animals to humans or had evolved ancestrally from 
animal strains, or were derived from genetic 
reassortment remains to be determined. 
4.11. Concluding remark 
There is currently much interest in the prevention 
of rotavirus infections by vaccination and a number of 
clinical trails of candidate vaccines have been 
undertaken. In order to assess the success or failure 
of such vaccines it is essential to know the relative 
prevalence of rotavirus serotypes in the communities 
under investigation. Of necessity this study was 
based on samples submitted by physicians for the 
detection of viral enteropathogens. The samples acquired 
by this form of passive surveillance may be derived from 
only a subset of hospitalised patients, thereby 
underrepresenting VP7 types in parts of the season, 
unusual age groups, or mildy ill, yet still 
hospitalized, children. However data obtained from the 
laboratory-based surveillance are useful in identifying 
general patterns and trends. 
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The results of this study provide important 
informations about the distribution of rotavirus 
serotypes in Hong Kong which has not been studied 
extensively in any of the previous studies. With the 
aid of serological and molecular techniques, 449 of 558 
rotavirus strains from children with gastroenteritis 
admitted to the Prince of Wales Hospital, Hong Kong from 
July 19 8 5 to November 19 9 0 were successfully 
characterized. Rotavirus serotypes 1 to 4 v/ere all 
detected but with different frequencies. Infections of 
human other than these serotypes are rare in this 
locality. The prevention of rotavirus disease by 
vaccines against serotypes 1 to 4 rotaviruses which 
cause majority of the infections in every part of the 
world might be an achievable goal. 
The oligonucleotide probe hybridization assay has 
increased the rate of serotyping rotaviruses. Use of 
this approach may enhance our ability to further 
investigate the molecular epidemiology of rotavirus and 
analyze the results of vaccine trials. 
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4.12. Future studies 
This study has clearly demonstrated that a 
molecular approach using oligonucleotide probes to study 
VP7 serotype of human rotaviruses is feasible. This 
approach should be extended to study the VP4 serotype 
specificities, since VP7 and VP4 proteins are 
independent neutralization antigens of the virus. In 
addition, nucleic acid sequencing should be performed to 
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